Four Physics Puzzles Viewed Ontologically: Duality, Collapse,
  Probability and Nonlocality by Klevgard, Paul A.
Version 1a 
 
Four Physics Puzzles Viewed Ontologically: 
Duality, Collapse, Probability and Nonlocality 
 
 
 
Paul A. Klevgard, Ph.D. 
Sandia National Laboratory, Ret. 
pklevgard@gmail.com 
 
 
Abstract 
Wave-particle duality, wave function collapse, objective probability and nonlocality constitute 
four prominent puzzles in modern physics. Although these four topics may appear unrelated, a closer 
examination reveals that they do share some common assumptions at the foundational level that have 
characterized physics for the last 100 years. Progress can be made on these four topics only if we 
understand and possibly revise some long-held assumptions. 
This essay examines physics from the ontological perspective. Are quantized matter and 
quantized energy both entities and if so what does that imply? Does matter reside in space and progress 
in time whereas energy (radiation) resides in time and progresses in space? If so, what does this tell us? 
Energy has two identities, potential and kinetic. Does mass have two identities and if not why not? The 
expectation is that answers to these and similar questions will help us understand the connections 
between the four puzzles listed above. 
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“Philosophy of science is about as useful to scientists as ornithology is to birds.”  
Richard P. Feynman 
 
Introduction – 
 
 Matter and radiation energy are convertible, one to the other, and have a quantitative 
relationship, namely E = mc2. But they are conjugates: they are inversely or orthogonally 
related. Hence mass (as matter) exists and occupies (extends over) space. Radiation energy 
occurs (oscillates) and occupies (extends over) time.  
 
 Physics is full of connections and comparisons of mass/matter with energy/radiation. 
Planck equated resonant frequencies between radiation within a black body cavity and the 
oscillation of molecules in the walls of the cavity. Einstein’s March 1905 (photoelectric effect) 
paper treated radiation as a “photon gas” whose entropy decrease when compressed mirrored 
the entropy decrease of molecules in an ideal gas when compressed; from this he argued that 
radiation had a discrete (“particle”) nature in addition to its wave nature. And some years later 
Louis de Broglie inverted this and argued that matter had an energy wave nature in addition to 
its mass particle nature.  
 
 Physicists have thoroughly explored the connections and interactions between mass and 
energy, between matter and radiation. What has not been explored is the ontological 
relationship of mass with energy:  
1. Mass is an entity. Is energy an entity or is it merely a quantity? 
2. Can we define “entity” in a formal way to cover both mass and energy? 
3. Can each entity store its opposite? Mass stores energy; how does energy store mass? 
4. Energy comes in two flavors: kinetic and potential. What if mass does the same? 
Trying to cover these and other questions has not been easy. This author has spent 
many years at the task with no wrong turn or blind alley left unexplored. What has kept this 
pursuit “on track” is the same guiding “method” employed by Planck, Einstein and de Broglie: 
whatever applies in a generalized (formal) way to the mass quantum must apply to the 
radiation quantum and vice versa. The guiding principle for this essay is: 
 
 The radical (foundational, formal) equality of mass and energy. 
 
The result of this pursuit is not the narrow monograph that academicians favor, but 
there is a place for inquiries that are broader in scope. But broad inquiries sometimes involve a 
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large number of concepts and that is the case here. None of the concepts that follow rise to the 
complexity of gauge theory or quantum field theory; it is the multiplicity of less-than-familiar 
concepts that the pose the challenge for the reader. Internalizing such concepts (e.g., 
progressing versus extending in a dimension) will require some patience on the part of the 
reader. If resolving or at least clarifying the four puzzles in the title was easy it would have been 
done long ago. Section I begins with a lot of unfamiliar ontology. Without a good understanding 
of that, subsequent sections are unlikely to make much sense to the reader; succeeding 
sections mostly build upon their predecessors.1 
 
Covering so many topics means that mistakes (and repetitions) are inevitable, for which 
the author apologizes in advance. But isolated mistakes do not impair the validity of the 
common approach used here with some success to clarify some very disparate problems in 
physics. No ad hoc solutions are proposed for individual problems; the resolutions proposed all 
share the same set of concepts and conform to the radical equality of mass and energy. No new 
fields, particles or forces are posited although some items familiar to the reader will be 
reinterpreted; in general this essay is an overdue reorganization of current knowledge.  
 
Comparing matter with radiation can only succeed if the scope of matter is delimited. 
Matter can be analyzed at three descending levels, atomic and molecular physics, nuclear 
physics and particle physics. Each constitutes a separate discipline and each deals with distinct 
issues and problems.  
It turns out that matter at the atomic and molecular level is best suited to an ontological 
comparison with radiation. At the micro-micro level of matter (particle physics and QFT 
[quantum field theory]) the ontological distinctions between what exists and what occurs are 
blurred and hence of little use. In light of this, nuclear physics and particle physics are absent 
from this study. The idea that only particle physics at the level of the Standard Model can reveal 
fundamental truths is strongly rejected; in fact, the case is made that some truths are obscured 
at that level; you can’t define a tree in terms of photo-synthesis. 
 
 It was not the author’s desire to cover so many topics; wave-particle duality was the 
original focus. But conclusions reached there were relevant to the remaining puzzles and it 
seemed to the author that the reader’s confidence in the method employed would increase if 
that same method yielded results in other areas. The very best ideas in physics solve more than 
one problem.  
  
                                                          
1
 Rereading some sections is advisable, especially Section I. 
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Section I:  Wave-Particle Duality for the Photon 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.0 Nomenclature 
The purpose of this essay is to approach certain physics problems by comparing mass and 
energy at a higher, more abstract level. It is hoped that this more general, ontological perspective will 
reveal commonalities between mass and energy that are otherwise obscure. For this purpose we require 
a terminology that is not tied to particular instances. This is not an unusual requirement; most areas of 
inquiry make use of meta-descriptors. Linguists classify words that are functionally the same into 
categories (the parts of speech); geometers classify square, rectangle and trapezoid as “quadrilaterals.” 
Our task requires that we be able to refer to instances and characteristics of inertial matter2 (mass) and 
radiation (energy) without specifying either one. Some of this vocabulary is already in place.  
 
Entity  – Entity  stands for both material things that exist and radiation photons that 
occur (Section 1.1 below). “Entity” subsumes both existing objects and occurring events. While some 
entities exist in space and others occur in time, we can say that all of them have a “dimensional 
presence.” 
                                                          
2
 This entire section addresses only inertial material objects that are space-stationary for a local observer. Matter 
in motion is covered in Section II. 
Section I Overview: 
Despite their obvious differences, entities of mass (particles/objects) and entities of 
radiation energy (photons) are found to share common characteristics.  
 
Their most important commonality is storing their opposite: mass can store energy 
and (radiation) energy can store mass (the photon has relativistic mass). 
 
Because of storage, entities of matter (particles) and entities of radiation (photons) 
have two identities: a kinetic (unstored) identity plus a potential (stored) identity. 
 
The photon’s kinetic identity (energy-of-oscillation) never rarefies across vast 
stretches of space.  
 
The photon’s potential identity does rarefy across space and it determines the 
probable release of what is stored. 
 
Dual identities, kinetic and potential, let us understand wave-particle duality. 
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Dimensional presence  – Mass and energy are inseparable from space and time. Material 
objects and electromagnetic [EM] photons take up (occupy) space or time intervals; if they did not do so 
we could not measure them. But we can go further and say in general that entities occupy space or time 
because they possess a “form.”  
 
Form    –    A form characterizes an entity because of that entity’s presence in space and time. 
An existing (material) entity extends in (occupies) space while progressing over time; it is static. An 
occurring (radiation) entity (photon) extends in (occupies) time while progressing over space; it is 
dynamic. We already have a perfectly good descriptor for the form that radiation takes, namely 
waveform.  
Unfortunately, there is no term comparable to “waveform” that is in common use and applies to 
material objects occupying space. That being the case we may invent a term for our use in these pages. 
“Spaceform” shall hereafter be the generic term for static matter of any size or shape filling out space. A 
“spaceform” may have a regular shape (e.g., a bocce ball) or an irregular shape (e.g., a chain of carbon 
atoms), but it must occupy (extend in) space.3  
While both the waveform and the spaceform may be present in the space dimension, the 
waveform doesn’t occupy space whereas the spaceform does. That is, radiation waves superpose so 
there is no limit to the photons a black body cavity can contain; but there is a limit to the material 
particles that a cavity can contain. One final difference will become very important later: the radiation 
waveform progresses in space; the material spaceform extends in space.  
 The radiation waveform has energy occurring in time and progressing in space.  
 Its polar opposite is matter spaceform which has mass existing in time and extending in 
space. 
With these terms in place it will be possible to discuss the nature of entity forms in a general 
way without specifying which form (waveform or spaceform) or which entity (radiation or matter) is the 
referent. 
 
Storage  –    One thing our two entities have in common is storage. The equality between, 
and the symmetry of, mass objects and radiation energy is such that each one can store and release the 
other. The fact that energy stores mass is obvious; since mass equals energy (E = mc2), any scenario of 
energy possession involves mass possession (storage); and when energy is released so also is (stored) 
mass released. And, of course, mass (as matter) possesses and stores potential energy it can release 
(e.g., thermal energy).  
Our purpose in what follows is the formal (ontological) comparison of mass with energy, that is, 
matter with radiation. Because each can store the other, both have a stored identity (that which is 
stored) and an unstored identity (that which acts as host). Unfortunately, the terms handed down to us 
for stored and unstored are not very precise. 
                                                          
3
 Matter “occupying space” includes both the elementary constituents – electrons, protons, neutrons – and the 
stored (binding) energy that connects them and furnishes most of the object’s volume. 
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Our current nomenclature for storage was framed in the nineteenth century when energy was 
still an emerging and ill-defined concept. Physicists found it necessary to distinguish energy stored by 
matter (potential energy) from the not-stored energy of matter-in-motion  (kinetic energy). As a result 
“kinetic” means “unstored” while also carrying the implication of “motion” (“kinetic” is from the Greek, 
“kinētikos” meaning “of motion”). This double meaning of “kinetic” as both unstored and moving is 
unfortunate when one wishes to compare the unstored condition of energy with mass. The term 
“kinetic energy” has the single meaning of energy as unstored; but the term “kinetic mass” has a double 
meaning: mass as moving and mass as unstored. This makes is awkward when comparing kinetic energy 
as unstored with kinetic mass as unstored. 
These pages will only use “kinetic” to mean “unstored.” To avoid confusion we shall sometimes 
(especially when referencing mass) use “kinetic/unstored” to emphasize that no connotation of motion 
is intended.  
The dual nature of energy – potential (stored) and kinetic (unstored) – is familiar to all. Quite 
overlooked is the same dualism for mass. Rest (or intrinsic) mass is certainly unstored and therefore may 
be labeled “kinetic.” But rest mass in motion exhibits acquired mass which we term relativistic mass and 
the latter, being releasable, is certainly potential/stored in nature. Potential mass, stored mass and 
relativistic mass all mean the same thing and these terms will sometimes be used parenthetically for 
clarity.  
 Like energy, mass comes in kinetic (unstored) and potential (stored) guises 
 When required for clarity, potential mass will become “potential (relativistic) mass” 
 Both “kinetic” and “kinetic/unstored” in these pages simply means “unstored”  
1.1 Entities  - 
 
 Within traditional ontology entities have been limited to things that exist, but that seems too 
limiting for the realm of modern physics. The photon occurs rather than exists4 but it certainly is an 
object of study and experiment for physicists. Accordingly, within these pages the concept of entity shall 
be construed very broadly: entities may be composed of mass or energy and they may exist or occur.  
 Entities must extend in a dimension. An inertial mass (particle) extends in (occupies) space; a 
photon extends in time, which is to say that the photon’s kinetic energy requires a time interval (for 
oscillation). As mentioned, mass and energy entities store their opposite: mass entities store energy and 
energy entities, such as the photon, store mass. In addition, the mass or energy of an entity will always 
be composed of discrete quanta: particles for matter, energy quanta for radiation. To summarize: 
 Entities have a kinetic (unstored) identity of mass or energy 
 Entities have a form which implies a dimensional presence 
 Entities store their opposite 
                                                          
4
 “Exists” in these pages is used as the opposite of “occurs.” Secondary meanings for “exist” (to have reality, to be 
present) are avoided because they blur ontological distinctions between the categories of existence versus 
occurrence. It will be argued presently that the photon is pure occurrence. 
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 Entities have a quantitative measure (joules, grams) and are quantized 
For the material entity the form is that of spaceform, the dimensional presence (extension) is in 
space, the quantitative measure is mass (grams) and energy is what is stored. The photon has similar 
formal attributes. Photons oscillate and therefore occupy (extend in) time. They have the waveform, 
their quantitative measure is energy (joules) and they store their opposite, namely relativistic mass. A 
photon may not seem to have much in common with an inertial rest mass, but as quantized entities they 
must have the same formal attributes: extension in a dimension, a form, a quantitative measure and 
storage. 
Electromagnetic (EM) radiation and inertial mass are “pure entities” in that they do not mix rest 
mass with kinetic energy. Pure entities can only have one unstored (kinetic) identity; the other identity 
must be stored (potential).Thus the photon has kinetic energy (unstored) but it cannot have rest mass 
since that is also unstored. An inertial (space-stationary) mass has unstored rest mass but it cannot have 
kinetic energy since that is also unstored.  
 
1.2 Pure Entities  - 
 
Mass Pure Entity    -    A pure entity that exists is composed of quantized rest mass and is devoid 
of kinetic energy. Such an entity is an inertial material object free of external forces and is space-
stationary for a local observer5 making it free of any kinetic energy. This existing object extends in the 
three dimensions of space constituting a kind of density field. Such an object also progresses over the 
time dimension, that is, the existing object is present at successive temporal instants. We may say that 
our object or particle extends in space and progresses in time. An inertial mass is a pure entity because 
it exists, has no trace of occurrence, has no kinetic energy and extends in space wherein it is stationary.6 
Energy Pure Entity    -    The photon is a pure entity of the opposite type since it occurs rather 
than exists. The photon is composed of quantized kinetic EM energy and is devoid of rest mass. The 
photon is time-stationary by its own measure just as the inertial mass is space-stationary by its own 
measure. The photon oscillates in time which means that it extends in time just as an inertial mass 
extends in space. And finally, the photon progresses in space just as the inertial mass object progresses 
in time. 
Mixed Entity    -    Separate from the photon and the inertial material object is matter-in-motion 
which combines kinetic/unstored rest mass with kinetic energy of motion. Matter-in-motion is a mixed 
or dual entity that both exists and occurs. Unlike a pure entity it progresses through two dimensions 
instead of just one and therefore follows a defined trajectory.7 It is covered in Section II. 
 
The preceding is not physics but it is a classification of those objects (entities) that physicists 
investigate. Certain patterns and insights emerge when physics is approached in this way. 
                                                          
5
 A local observer is an observer within the object’s inertial system. 
6
 An inertial mass object may have stored (thermal) energy that exists and is quiescent at the object’s level while at 
the molecular level that same thermal (vibration) energy appears to be kinetic (unstored). Storage makes energy 
an existent and storage is relative to the level you observe or measure. 
7
 Neither the mass pure entity nor the energy pure entity can have a trajectory. 
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The abstract concept of an entity stands over all particular instantiations, including things that 
exist (matter) or things that occur (radiation). This is not to say that the abstraction has a sort of Platonic 
reality. Rather the concept of entity encapsulates the generalized features that all actual entities must 
possess. The aim in what follows is to understand the photon’ duality by comparing the photon against 
those generalized features that all entities possess. The photon is still mysterious for us; learning more 
about it will help in understanding several other puzzles in physics. 
 
1.3 Potential Identity  - 
 
 As mentioned, pure entities store their opposite. The inertial rest mass particle or object stores 
energy: perhaps thermal energy, or charge energy or the energy represented by the orbital shells of an 
atom (binding energy). The photon stores mass, namely the relativistic mass due to E = mc2.8 
 One consequence of storage is that pure entities have both a kinetic identity and a potential 
identity. Thus a material object has its matter as a kinetic identity and the thermal energy it stores as a 
potential identity. The two are different and each is measurable, yet they are united into a single entity. 
Two identities within a single entity is an easy concept to understand in the case of the existing material 
object or particle; less so in the case of the occurring photon. Nevertheless, the photon too has its 
kinetic identity, namely oscillatory kinetic energy, and it has its potential identity, namely relativistic 
mass. The fact that the two are expressions of each other does not mean they are the same thing; we 
shall see that one attenuates over space and the other does not. Relativistic mass is currently viewed as 
a simple quantity, but we shall see presently that it too shares in the entity’s form.9 
 
 A second consequence of storage is that whatever pure entities store they can also release. 
Material objects and radiation (photons) are constantly exchanging what they store. The thermal energy 
a mass stores is released to radiation via photon emission. And the mass the photon stores is released to 
matter as a particle-like momentum impulse impinging at a space point during photon absorption. 
 In photon emission, that which is stored by the material realm crosses over to the realm of 
radiation. Photon absorption is the opposite; that which is stored by the radiation realm crosses over to 
the material realm. It is convenient to have a single term that covers both cases. 
 Crossover occurs when that which is stored in one realm (matter or radiation) is released to 
the opposite realm. 
 In addition to their kinetic and potential identities, pure entities extend in one dimension and 
progress in the other. Note that progression in a dimension is different from translation (movement) in a 
dimension. Matter translates in space relative to some arbitrary, “fixed” (inertial) reference point, but 
                                                          
8
 As mentioned earlier, E = mc
2 
is a formula for mass – energy convertibility; it is also a formula for one storing the 
other. 
9
 Potential energy has a form: thermal energy has the spaceform of its host material entity, gas, liquid or solid.. If 
potential (relativistic) mass were formless this would constitute an exception to the formal equality of mass and 
energy. 
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matter progresses in time by its very nature as an existence. The former is kinematic, reversible 
translation; the latter is ontological, irreversible progression.10  
The special nature of the progression in time of existing pure entities (inertial masses) has long 
been recognized by the use of such terms as the “arrow of time,” or the “persistence” of objects that 
exist. The special nature of the similar progression in space of occurring pure entities (photons) has 
never been completely recognized since almost everyone conflates velocity and progression. In his 
second postulate (1905) Einstein states that the velocity (geschwindig) of light is constant for all inertial 
observers. This postulate could be generalized as follows: pure entities have a constant progression, 
existing (material) entities in time and occurring (radiation) entities in space. 
Pure entities store their opposite while progressing in one dimension, time for matter and space 
for radiation. The fact that a stored quantity is then progressing in a dimension toward release raises the 
question of pure entity location in a dimension. 
 
1.4 Location and Progression  - 
 
 Material objects that move in space over time (our mixed entities) necessarily involve both mass 
(matter) and kinetic energy (of motion) which gives the object a defined location in both space and time. 
Classical mechanics had such great success with space and time coordinates that physicists tended to 
assume that all elements of reality could be assigned a specific location at a specific time. But this is not 
the case with pure entities. 
 
An inertial mass is space stationary by its own measure and has a space location relative to 
some reference mass within the same inertial system. Both masses are space stationary by their own 
measure and the (space) interval between them is fixed. We can say that the inertial mass has a locally-
defined space location. 
Similarly, a photon is time stationary by its own measure (more on this later) and has a time 
location relative to some reference photon.  Both photon and reference photon are time stationary by 
their own measure and the (time) interval between them (a function of their creation separation) is 
fixed. We can say that the photon has a locally-defined time location. 
 
In essence, inertial masses extend in (occupy) space and are located there; photons extend in 
(occupy) time and are located there. Hence location of a pure entity in its stationary dimension (where it 
extends) is straightforward. But location does not apply for the progression dimension since the latter is 
orthogonal to the extension dimension. We cannot say that an inertial (space-stationary) mass is located 
at a time point. It is true we can touch, see or measure an inertial mass object at a time location (point). 
But that is the time location of our interaction with the object; it is not the time location of the object 
itself. 
Location for pure entities is tied up with the very nature of existence and occurrence. An inertial 
mass devoid of kinetic energy constitutes pure existence and as such it lacks a specific time location; its 
                                                          
10
 “Progression” is not an ideal word to stand opposite translation, but then there is no ideal word; any sense of 
“improvement” is not intended.  
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existence is common for all available observers at all time locations. Similarly, a photon, devoid as it is of 
rest mass, constitutes pure occurrence (EM oscillation) and as such lacks a specific space location; 
occurrence is common to all available space locations (photon paths).  
 
 That a stationary (inertial) mass lacks a defined time location for a local 
observer should be clear to the reader. Much more difficult is the inverse: the 
photon lacking a defined space location. The tendency is to think of the photon 
as a quasi-particle that has some definite (if immeasurable) space location.  But 
a photon is not a particle; the term “photon” merely designates quantized 
waveform energy and such waves only have defined location in that dimension 
wherein they are stationary, namely time. 
 
For a pure existence (inertial matter) “all available time locations” covers that duration when 
the object actually exists. A muon or a planet will have a time origin and a time when it ceases to exist. 
Such an object may have a defined location in space within its own inertial system but it is common to 
all the “available” time locations that constitute its actual existence. 
For a pure occurrence (i.e., radiation) “all available space locations” covers all possible space 
paths the photon may travel between origin and termination. The photon therefore has a defined 
location in its (static) time dimension, but is common to all the “available” space locations (paths) of its 
travel.  
 
To summarize, a pure existence and a pure occurrence are located in the dimension wherein 
they extend and they are common to available locations in the dimension wherein they progress. This is 
a difficult or at least unfamiliar concept because we are so familiar with projectile motion mapped on to 
space and time coordinates. But it is very important to realize that this concept of space and time 
location does not apply to pure entities. We shall return to this concept in section 1.7. 
 
1.5 Progression and Paths  - 
 
 Pure entities store something, either potential energy for a material object or potential 
(relativistic) mass for a photon. This means there is an origin (acquisition) and a termination (release) for 
what is stored. The inertial mass pure entity may acquire its stored energy via photon absorption from 
radiation. After a certain time interval this energy may be released. 
The photon as pure entity acquires its stored mass upon creation as when an atom/molecule 
gives up some of its stored energy and emits a photon. After a certain space interval this photon may 
terminate upon a material object and its stored (relativistic) mass will be released. 
 
The interval, space or time, between acquisition and release resides in the entity’s progression 
dimension and not in its extension dimension. That is, the space-stationary (inertial) atom or object 
acquires (and stores) potential energy at time point T1 and releases that energy at a later time point T2. 
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In contrast, the time-stationary photon acquires its potential (relativistic) mass at space point S1 
(emission-creation) and releases that mass at a distant space point S2 (absorption on a target). 
 
Whatever a pure entity stores, mass or energy, has a lifecycle – origin to termination/release – 
within the entity’s progression dimension. This stored mass or energy is a quantity with a dimensional 
presence, giving it a form. What is stored follows a “path” through either time or space and this path 
terminates with the release of what is stored. We are accustomed to thinking of paths as being in space 
over time because that is how we track projectile motion. But pure entities are not projectiles; they 
follow paths in a single dimension, space or time, because they are stationary in the opposite 
dimension.11 
 Energy stored by inertial matter follows a path through time toward release. Relativistic mass 
stored by a photon follows paths in space. Temporal paths are linear (single track) since time itself is 
one-dimensional. In contrast, spatial paths may be multi-track and dispersive since space has three 
dimensions. But there are instances where photon progression through space is not dispersive and 
approximates linear paths; for example, photons emitted from a laser or from a collimating lens or from 
a parabolic reflector. These cases allow us to compare linear progression in opposite dimensions: the 
stored (relativistic) mass of radiation (a photon) progressing in space toward release versus the stored 
energy of a material object (e.g., atom) progressing in time toward release.  
 
Assume for the moment that we have an ideal case where a photon follows a linear (non-
diverging) path in space.  The stored mass of the photon is then progressing on a line in space, 
successively reaching space points S1, S2, S3... Sn where termination/release might occur. Each interval 
from origin (laser) to possible termination point (S1, S2, etc) may be regarded as a path in space that 
overlaps those preceding it. Paths “drop off” as their endpoints are passed, but that is of no moment 
because paths have no physical reality over and above that which traverses them. Paths are merely a 
convenient way to think about a pure entity advancing along its progression dimension toward possible 
release of what it stores. This same model of path progression also applies to matter storing (thermal) 
energy while progressing in time; successive points in time mark possible release of the stored energy. 
 Imagine an atom at arbitrary time point T0 that is capable of releasing its stored energy. The 
stored energy of the atom is progressing in time toward this possible release at successive time points 
T1, T2, T3... Tn. As with successive space paths, our successive time paths overlap each other and “drop 
off” as their endpoints are passed. 
 
 
                                                          
11 Trying to view the photon as a projectile with a trajectory is an instance of a common mistake: trying to fit the 
realm of energy and time occurrence into the framework of mass and space existence. 
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 As the above atom (or material object in general) progresses in time its kinetic/unstored identity 
(rest mass) and its potential identity (e.g., its thermal or bonding energy) remain coterminous: they 
occupy the same spaceform (volume). 
As the photon progresses in space it has a kinetic energy identity (its oscillation) and a potential 
identity (relativistic mass). We might (naïvely) imagine that they too occupy the same, moving space 
volume. But what happens to the two identities – kinetic oscillation and potential (relativistic) mass – if 
photon paths diverge rather than overlap? 
 
 Suppose a single photon enters a pinhole and as a wave interferes with itself to create many 
paths. Because the photon progresses in three-dimensional space its paths 
diverge in space and do not overlap. The photon is stationary in time but it 
progresses over space and the release point (possible absorption) of its stored 
(relativistic) mass may be any point along its paths in space. Only one path will be 
selected for termination (photon absorption on a target), nevertheless quantum 
theory assures us that all paths are traveled. What exactly traverses these paths 
to make them ontological significant? Can a single (pure) entity traverse multiple paths and yet remain 
undivided? (Hint: it can if it has two identities.) To understand this mystery requires a closer look at pure 
entities starting with their forms. 
 
1.6 Entity Forms  - 
 
 We have seen that whether pure entities exist (inertial atoms, objects) or occur (photons) they 
have a presence in a dimension which means they have a form. The form of a pure entity characterizes 
both its kinetic and it potential nature. That is, an entity and its releasable stored content share the 
same form. 
This is easy to see in the case of the material object or particle. An object’s kinetic identity – its 
mass – has a shape; we cannot imagine an existing mass (object) that does not have a spaceform. This 
mass will have a potential identity (thermal energy, binding energy, etc.) that assumes the same 
form/shape. As an example, a chair’s kinetic (massy) identity has a certain irregular form in space and 
the thermal energy it stores has exactly the same form. In the case of an electron it stores electrostatic 
charge energy that is spatially external but such stored energy still has a (spherical) spaceform. 
 
 Mass then has the spaceform for its kinetic identity and for it potential identity. If what is true of 
one pure entity is also true of the other, then radiation has the waveform for both its kinetic oscillation 
energy and its potential (relativistic) mass. 
 
Of course physicists regard relativistic (stored) mass as a formless quantity, but that is (partly) 
because their measuring techniques all depend upon quantitative measures involving either momentum 
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or inertia.12 For example, photon relativistic mass is measured by momentum transfer to a material 
target. Inertial measurements are also employed for relativistic mass. A rapidly moving charged particle 
has relativistic mass and the particle’s deflection in a magnetic (or electric) field will reflect the inertial 
contribution of the particle’s relativistic mass. 
Physicists have no instruments capable of detecting the form of potential (relativistic) mass; our 
knowledge in that regard must be indirect. We should not and cannot reasonably expect that we 
humans possess instruments that can detect every aspect of physical reality, especially the form of 
something immaterial.13 The prevailing assumption – patterned after stored energy in thermodynamics 
– has always been that stored mass is simply a quantity. But the equality of mass and energy seems to 
require that potential mass has the waveform and we can embrace it heuristically14 and see where it 
leads us. For our two pure entities: 
 
• Potential (relativistic) mass stored by kinetic energy (radiation) has the waveform; it occurs 
and it progresses as a wave in space 
• Potential energy stored by kinetic/unstored mass (stationary matter) has the spaceform; it 
exists and it progresses as a spaceform in time 
 
At this point the reader is advised to consult Appendix C which lists the attributes of our two pure 
entities. 
 
When analyzing entities in terms of mass and energy, either kinetic or potential, it is important 
to keep in mind the nature of these entities. There are kinetic constituents for matter (particles) and for 
radiation (oscillation). But each of them stores their opposite as a potential identity which is able to 
progress along a single dimension until release. This is what provides for probability and makes ontology 
so rich (so complex). 
 
1.7 The Photon Disperses and Yet It Doesn’t  – 
 
 As we have seen (Section 1.4), pure entities have a defined location in but one dimension, 
where they extend. In their orthogonal, progression, dimension (time for mass, space for radiation) they 
follow paths toward release of what they store. How a pure entity’s two identities, kinetic and potential, 
                                                          
12
 Einstein didn’t care for the concept of relativistic mass. Other physicists have followed his lead, most of them for 
pedagogical reasons (“don’t confuse students”); they use energy for “acquired mass.” Physicists who object to the 
term relativistic mass are invariably not consistent: “There is no argument in the literature about the uses of rest 
length versus moving length, so why should there be any argument about the uses of rest mass versus moving 
mass?”Taken from: http://math.ucr.edu/home/baez/physics/Relativity/SR/mass.html [accessed 2017]. 
13
 The reader should not take the “form” (or shape) of relativistic mass too literally. This “form” occurs rather than 
exists; it can be thought of as space-progressing, alternating intensities which yield a kind of undulation. 
14
 Just as Einstein adopted light quanta in 1905 as a heuristic suggestion; he did not have the photon in mind. See 
Martin J. Klein, “Thermodynamics in Einstein’s Thought,” Science, New Series, Vol. 157, No. 3788 (Aug. 4, 1967): 
509-516, footnote 17. 
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manifest themselves in the progression dimension requires clarification. It is easiest to start with the 
material pure entity. 
 
 Time is the progression dimension for the inertial mass object. As the kinetic identity of this 
object, namely rest mass, progresses in time it is common for all observers there. All temporal observers 
see/experience the same object; pure existence can be neither divided nor attenuated in time. The 
object’s potential identity, its stored energy (e.g., thermal, radioactive, etc.), also progresses in time but 
as a spaceform of potential energy ready for discontinuous (quantized), probabilistic release (crossover). 
 
 An inertial mass object’s potential identity consists of a spaceform of stored energy 
following (overlapping) time paths. Because the energy is stored (potential) and 
progressing in time, the spaceform is temporally probabilistic regarding quantized 
release. 
 
 As for the radiation pure entity, the photon, space is the progression dimension. The kinetic 
identity of the photon, namely EM oscillation, is common for all observers at all locations on all available 
space paths; this oscillation occurrence can be neither divided nor attenuated in space (frequency as 
occurrence does not attenuate). But the photon’s potential identity, its stored (relativistic) mass, is 
distributed over and progresses on multiple, (possibly) diverging space paths toward eventual release 
(crossover). 
 
 “Neither divided nor attenuated” in a progression dimension for a pure entity’s kinetic identity 
means that you cannot partition or rarefy that identity (oscillation for the photon, rest mass for the 
material object). Entity existence or entity occurrence is necessarily whole and does not admit of 
degrees. This is obvious for the existing inertial mass; observers at different time locations (on different 
time paths) all see the same undivided material object. 
It is also true of the occurring kinetic energy (oscillation) of the photon. Although the occurring 
photon will follow multiple paths it will only terminate on one path with an undiminished energy 
(frequency).15 It is the potential identity of the photon that will partition and rarefy in the entity’s 
progression dimension. This results in different probability-of-reception chances on different space 
paths for the holistic, common and indivisible kinetic identity. For the photon within its progressing 
(space) dimension, dispersion of the potential identity (chance of crossover) has no effect on the kinetic 
(frequency) identity. 
 
                                                          
15
 Technically a single photon terminates as an action quantum delivered over time, energy being the time rate of 
action delivery. Observers with relative velocities to one another will hypothetically receive this single photon 
differently: some with more energy than others, but all with the same action. The precise, ontological, analog of 
mass is action; the precise analog of energy (action over time) is density (mass over space). Mass and action are 
discrete not continuous; radiation energy (frequency) is continuously variable except when spatially confined. 
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 If we consider the photon exiting a pinhole it is apparent that all the diverging paths 
share the same oscillation frequency. All paths (all possible observers) are in line to 
receive the same occurrence (frequency). The kinetic identity of the photon is 
therefore unitary in its space progression and will not rarefy there because it is an 
occurrence common to all paths.  
 
The photon’s stored/relativistic mass is physically real since it is measurable as a quantity and 
can be made to interfere with itself (the interference is that of probability hence it is the interference of 
the photon’s potential identity). This potential mass is an insubstantial occurrence (no rest mass 
involved) whose local intensity is a measure of probable release. It traverses space as a path-continuous 
wave front whose termination and release will be discontinuous and probabilistic. 
 
 A photon’s potential identity consists of a wave of stored (relativistic) mass following 
(possibly diverging) space paths. Because the mass is stored (potential) and 
progressing in space, the wave is spatially probabilistic regarding quantized release. 
 
Both identities (kinetic and potential) of all pure entities traverse paths in their progression 
dimension. The inertial material object traverses paths in time. Because time is linear (one-dimensional) 
these paths overlap and there is no dispersion or attenuation of the potential identity. The stored 
thermal energy does not disperse over time prior to release. 
 
The photon traverses paths in space. Since space is three-dimensional photon paths will typically 
diverge resulting in the attenuation of the photon’s potential mass as it spreads over an ever-increasing 
target area. The angular spread of paths from the photon’s source and the consequent dispersion of 
photon potential (stored) mass can vary widely as we have seen. 
 
If there is no dispersion of a pure entity’s potential identity in its progression dimension, then 
the probability of crossover (i.e., quantized release) of what it stores remains constant. For example, the 
energy stored by a radioactive atom has a probability of crossover that is constant over time; however 
old that atom is, it has a 50% chance of crossover (disintegration) during its next half-life time interval. 
Similarly, a perfect (no dispersion) laser would have a beam cross section that remained unchanged (not 
expanded) during space progression. This in turn would mean that the distribution of photon potential 
(relativistic) mass would not spread and not attenuate laterally; it would be confined to the original 
space cross section so its intensity in space would remain constant. 
 
   As mentioned (Section 1.6), our knowledge of potential (relativistic) mass as a waveform must 
be indirect. Perhaps the strongest argument for the presence/reality of relativistic mass as a wave 
comes from ontological symmetry and equality. If the material pure entity (an object) has a spaceform 
of stored (e.g., thermal) energy progressing on time paths toward probable release, then symmetry and 
E = mc2 requires that the radiation pure entity has a waveform of stored (relativistic) mass progressing 
on space paths toward probable release. Release is always via absorption or emission (crossover); both 
are probabilistic and are two sides of the same coin. Absorption has waveform radiation releasing its 
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stored (relativistic) mass to a target; emission has spaceform matter releasing its stored energy as 
waveform radiation. Could we ask for a more perfect symmetry?16 
Relativistic mass is physically real since it is quantifiable; our only assumption in these pages 
concerns its form (its space presence). In Section II we shall see that waveform potential (relativistic) 
mass explains electron diffraction probability just as it does photon diffraction probability. 
 
 
 The photon is a pure occurrence; it has no dependence or involvement of rest mass. When the 
photon ceases to occur it disappears entirely and at once.17 Its occurring wave front of potential 
(relativistic) mass collapses instantaneously, regardless of its spatial extent. There is nothing substantial 
or material on dispersed photon progression paths to retract or destroy. As others have noted, this is a 
type of nonlocality. 
 It is the dual nature of the photon (two identities) that accounts for its unusual capabilities, 
namely conservation of (path-common) oscillation energy versus rarefaction of (path-dispersing) stored 
mass and hence dispersed probable reception. Photon kinetic oscillation energy is common to all space 
paths but the probability of storage release (crossover) to a material target is subject to rarefaction 
(attenuation) as it traverses multiple paths in space. 
Mass stores energy and energy stores mass and so each entity has two joined components or 
identities: a dual nature. This is so familiar to us for material entities that we overlook the obvious: the 
photon too must have a dual identity. 
 
For the realm of radiation, release along space paths (absorption on a target) has always 
prompted speculation about the path (trajectory) taken as if the photon was a projectile; hence various 
“which way” (which slit) experiments conducted over the years. For the realm of matter, release along 
time paths at the individual level (single emission) has attracted some attention from physicists, but 
much more attention has been devoted to the statistics of collective release (e.g., Planck’s black body 
radiation law). But, probability of release along progression paths at the individual release level is 
formally identical for both pure entities whether that release is on a space path or on a time path. 
 
1.8 Wave-Particle Duality – 
 
 Quantum field theory physicists are committed to regarding the photon as a particle which is 
fine because when a photon interacts with massy particles it mimics impacting masses transferring 
momentum. This allows particle physicists to proceed with their energy/momentum transfer 
calculations which again is fine because in certain ways the photon does act like a particle, except for no 
                                                          
16
 The symmetry can also be expressed as follows. Pure mass entities and pure (radiation) energy entities are 
discrete in the dimension where they occupy an interval (extend): space for mass and time for energy. But once 
mass and energy are stored by their opposite number they become continuous in the dimension where they were 
formally discrete. Stored (relativistic) mass is continuous-progressing in space; stored energy is continuous-
progressing in time (not quantized in time). 
17
 A photon can give up part of its energy to matter and continue on in space, but it does so as a new photon. 
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rest mass and no trajectory.18 Physicists do have instruments (cloud chambers) that trace in-flight 
particles without directly interacting with them. But they will never have a cloud chamber trace for a 
photon.  
Can quantized energy mimic some interactions of a material particle? Absolutely! But there is 
still an ontological separation between matter and radiation, between kinetic/unstored rest mass and 
kinetic/unstored energy.19 Photon termination at a point, particle-like, is a consequence of waveform 
potential mass being released (crossover) to a (material) target. Its exact ontological parallel is 
spaceform potential (e.g., thermal) energy releasing to become waveform radiation. In each case you 
have something stored (potential) with one form releasing to be unstored (kinetic) with the other form. 
Since potential (relativistic) mass is stored it is space-continuous as a wave in the photon’s 
progression dimension, space. Progressing in three dimensions means this potential mass disperses and 
rarefies in space until it encounters a material object where the potential mass can be released. This 
relativistic mass, being potential, constitutes objective probability progressing over space paths. When 
this stored mass is released it becomes kinetic mass which renders it space-discrete and space localized. 
The tiny mass the target receives is the released relativistic (potential) mass rendered kinetic and space-
located; it may also be regarded as the conversion of photon energy to mass since relativistic mass is an 
expression of kinetic energy (E = mc2). The mass is so tiny it is transitory and disappears as energy; it is 
not part of the “particle zoo.”20 
 
 The idea that mass can be space continuous as a wave is an alien concept for most. We are 
accustomed to energy being stored (potential) and unstored (kinetic), but we don’t apply those 
categories to mass despite our lip service to “mass-energy equality.” Relativistic mass receives little 
attention from physicists and is often dismissed as a type of energy. 
Kinetic/unstored mass (a particle or object) is quantized and therefore is discrete (mass chunks) 
in that dimension where it extends (space). The kinetic energy of radiation gets delivered to us in action 
chucks (photons) that are discrete in the dimension where they extend (time). But when mass and 
energy are stored they convert from being kinetic/discrete to being potential/continuous and they 
achieve this by changing their form. They adopt the form of the hosting kinetic identity: stored mass 
must have the waveform of its radiation host; stored energy must have the spaceform of its matter host. 
 
                                                          
18
 Pais comments that although the photon has zero mass, physicists “… nevertheless call a photon a particle 
because, just like massive particles, it obeys the laws of conservation of energy and momentum in collisions, with 
an electron say (Compton effect).” Abraham Pais, Niels Bohr’s Times (Oxford Univ. Press, 1991), 350-1. 
19
 QFT physicists find it convenient (mathematically necessary) to make everything a particle and posit an 
undectable space-time field for every particle. EM radiation then becomes an existing anomaly (“particle”) in a 
hosting dynamic field. But this interpretation remains the traditional deprecation of energy as a quantity without a 
form or a dimensional presence. This author’s focus is on ontology; QFT ignores ontology and focuses on 
mathematical consistency/elegance and quantitative measures. Comment from “Quantum Field Theory,” Stanford 
Encyclopedia of Philosophy: “…[O]ne reason why the ontological interpretation of QFT is so difficult is the fact that 
it is exceptionally unclear which parts of the formalism should be taken to represent anything physical in the first 
place.” https://plato.stanford.edu/entries/quantum-field-theory/#TakSto  
20
 The conversion from stored, continuous mass to unstored, discrete mass requires that the mass released be 
quantized. It is the same with stored, time-continuous energy being released; it must be quantized. 
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No one has a problem with the concept of stored energy existing/persisting while progressing 
over time and getting probabilistically released at a time point as an energy wave (radiation). It is the 
ontological inverse of this that is unfamiliar to us, difficult to comprehend and difficult to measure: a 
wave of stored (relativistic) mass as occurring in space, being continuous-and-progressing in space and 
getting probabilistically released at a space point as a (transitory) spaceform particle. Indirect evidence 
for the latter is certainly there, but the failure to recognize relativistic mass as stored mass stands in the 
way. 
 
 Trying to interpret the in-flight photon as a particle (or as a part-time particle subject to 
superposition) has led to various puzzles and contradictions which confound explanation. The double slit 
experiment may be the most well known puzzle. 
 When a single photon from a point source approaches a double slit the photon’s wave front of 
potential (relativistic) mass enters both slits. The exit point of each slit then acts as a 
new “point” source of spherical waves of potential mass. The expanding spherical 
wave fronts from each slit then interfere with one another either constructively or 
destructively creating maxima and minima on the target screen. Single photons can 
terminate (crossover) on any available photon path, but the regions where potential 
mass has reinforced will see the most terminations. 
 If you place a photon detector immediately behind one slit you block the potential mass wave 
from that slit from proceeding and the interference pattern of maxima and minima on the target screen 
disappears. The idea that the photon can “sense” which slit is blocked is nonsensical. A single photon’s 
waveform has a 50% chance of terminating on the detector blocking one slit and if it does terminate the 
photon’s potential mass in the other slit collapses instantly without a trace. The whole idea of detecting 
which slit the photon passes through is erroneous. The photon’s potential mass wave and hence its 
probability of termination passes through both slits. A single photon traversing an interferometer is 
another good illustration of how photon potential (relativistic) mass can space progress and space-rarefy 
while its kinetic identity (its oscillation) is unaffected. 
 
A Mach–Zehnder interferometer has two mirrors and two beam splitters (BS) diagonally 
opposite. A single photon entering the lower beam splitter will take both the upper and lower paths and 
meet at the second beam splitter. There the photon interferes with 
itself21 and registers (undiminished) at detector C (constructive 
interference). Detector D can never receive a photon providing 
interference has taken place. 
The photon’s potential identity, waveform relativistic mass, 
progresses along space paths and is therefore divisible by the first 
beam splitter. But the photon’s kinetic identity, oscillation, extends 
(resides) in time and is shared by all paths; it is not divisible in space.22 So both paths have a common 
kinetic energy due to the photon oscillation frequency. Confusion arises for most commentators 
                                                          
21
 Recall Dirac’s pronouncement: “Each photon …interferes only with itself. Interference between two different 
photons never occurs.” P.A.M. Dirac, The Principles of Quantum Mechanics (Oxford, 4
th
 ed.). 
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because they fail to recognize that, like any entity, the photon has both a kinetic and a potential identity. 
The kinetic identity (oscillation) is spatially indivisible; there is only one kinetic identity for the two paths. 
But the potential identity (and hence probable termination) can subdivide on the two paths. The 
partition that takes place at the first beam splitter of the potential (relativistic) mass wave in space cuts 
in half the probability of photon termination (crossover) on either path. But that partition has no effect 
on the quantity of stored mass released since that is determined by the oscillation energy of the kinetic 
identity.  
 
 A variant of this is the Elitzur–Vaidman bomb-tester.23 Assume you have a series of bombs to 
test and you know that some of them are duds. You would like to salvage/identify at least some of the 
good bombs. The bomb trigger is a photon detector: a live bomb will 
absorb (block) a photon's potential mass wave; a dud bomb will not 
absorb a photon's potential mass wave. You place the bomb and its 
trigger mechanism into the lower path of the interferometer. If the bomb 
is a dud the potential (relativistic) mass wave of the lower path is 
unimpeded and proceeds to the second beam splitter where it interferes 
with the potential mass wave traversing the upper path. The result is 
photon reception at C (potential mass from both paths constructively interfering).  
 If the bomb is active (not a dud) then the potential (relativistic) mass wave is blocked on the 
lower path by the bomb's sensor. But this blockage doesn't necessarily result in the photon giving up its 
stored mass; the upper, unblocked path has the other half of the potential mass wave and therefore half 
the probability of the photon giving up its stored mass (and terminating). On average, half of the active, 
path-blocking bombs placed in the lower path will experience a photon releasing its potential/stored 
mass and therefore terminating. For these bomb's two results immediately follow in sequence. First, the 
potential mass wave on the upper path collapses instantly (nonlocally). Second, photon reception on the 
lower path detonates the bomb.  
 You lose half your active bombs by this procedure. But for the remaining half the photon's 
potential mass wave continues on the upper path toward the second beam splitter. As this wave enters 
the beam splitter it encounters no interfering wave from the (blocked) lower path. As a result the wave 
divides rather than interferes, with half heading for detector C and half heading for detector D. If a 
photon is detected at C you don't know if the bomb is active or a dud and so the bomb may be retested. 
But a photon reception at D (25% of the tests of the path-blocking, non-dud bombs) tells you that the 
lower path was obstructed (the bomb was active) without actually having the photon interact with 
(terminate upon) the obstruction. In effect you have discovered a fact (obstruction present, bomb 
active) without directly ascertaining that fact. This is called “counterfactual” knowledge or interaction-
free measurement. 
 Now the conventional “explanation” for this is that the first beam splitter puts the photon into a 
state of quantum superposition such that the single-identity photon follows two separate paths without 
                                                                                                                                                                                           
22
 When an entity’s kinetic/unstored identity resides in one dimension you cannot divide it in the other dimension. 
Inertial rest mass resides/extends in space; you cannot divide it in time. 
23
 See https://en.wikipedia.org/wiki/Elitzur%E2%80%93Vaidman_bomb_tester  
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ceasing to be singular and whole. But once the photon is received at D and the magic of superposition 
ends (“decoherence”), we know – actually we assume we know – which path the actual photon took 
(namely, the path without the obstruction). 
“Quantum superposition” is a cloak which covers our ignorance; it doesn’t really explain what is 
happening to the photon here. Quantum superposition is simply an assertion that what was discrete 
(the photon on a single path) is now continuous (multiple paths) and quantum decoherence asserts that 
what was continuous (multiple paths) is now once again discrete (single path). This is really Bohr’s 
complementarity concept “enhanced” by an attempt to pinpoint when transitions occur between 
particle (spaceform) and waveform, between discrete and continuous. Postulating a mathematical 
“probability wave” for the photon in configuration (multi-dimensional) space doesn’t help either as that 
eliminates the distinction between what is physical and what is not. It is energy and (potential) mass 
present on the two photon paths; it is not mathematical operators. If you believe in the latter you have 
entered a Platonic world of idealism. 
 
There is no such thing as interaction-free measurement. That is unphysical. The photon is an 
occurring wave of potential (relativistic) mass that can subdivide and rarefy over space without limit 
while its oscillation (occurrence) in time remains unitary. The idea that an end result (“decoherence”) 
can tell you which path was taken is mistaken. In fact all paths were taken by something real, namely 
waveform potential mass. 
 Potential mass as a probabilistic waveform is the basis for the photon’s unique capabilities: 
potentially present in every place but received in only one place. Potential mass is not new to physics; it 
is simply relativistic (stored) mass with a new name. The one new assumption has been that relativistic 
mass possesses a form in addition to being a measurable quantity. At a deeper level the real assumption 
has been the equality of mass and energy and the entities they form: 
 Pure entities of mass and energy store their opposite and what is stored shares the entity’s 
form: spaceform for stored energy, waveform for stored (relativistic) mass. 
 What is stored follows time or space paths and the local intensity of potential energy or 
potential mass on those paths determines probable release. 
Recognizing photon potential mass as a waveform completes the equality and the symmetry of 
pure energy with pure mass. But potential (relativistic) mass as a waveform is not confined to the 
photon. It also plays an important role for moving bodies. It makes sense that what we have learned 
about pure entities will help us understand matter-in-motion and matter waves. 
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Section II  Wave-Particle Duality for Electrons 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.0 Energy and the Waveform - 
 
Physicists in the 1920s were convinced that radiation had the waveform and they had difficulty 
trying to reconcile this with the concept (Planck, Einstein) that it was also quantized. Since waves are 
continuous, not discrete, they diffract and superpose and cannot impact upon material objects. Hence it 
was quite a shock when Arthur Compton in early 1923 presented his results of x-ray - electron 
interaction showing that photon and electron exchanged (and conserved) energy and momentum like 
two classical particles interacting (impacting). Compton wrote later that his paper “…initiated the most 
hotly contested scientific controversy I have ever known.”24 
Compton’s results were soon duplicated and radiation’s wave-particle duality became 
undeniable with quanta soon given the particle-like name of photon. The misstep was to give the in-
flight photon particle-like qualities (existence, rest mass, spaceform) before it interacted with matter. 25 
 
                                                          
24
 Arthur Holly Compton, in The Cosmos of Arthur Holly Compton, ed. Johnston, Marjorie (New York: Alfred A. 
Knopf, 1967) 36. 
25
 Prior to Compton’s paper, Bohr wrote ((1919), echoing Planck (1907): “As regards the wave theory of light I feel 
inclined to take the often proposed view that the fields in free space … are governed by the classical 
electrodynamical laws and that all difficulties are concentrated on the interaction between electromagnetic forces 
and matter.” Quoted in Niels Bohr’s Times by Abraham Pais (Oxford Univ. Press 1991) 233. 
De Broglie wave oscillation is related to, not caused by, the particle in motion. 
 
De Broglie wave oscillation, velocity and kinetic energy are observer relative; the 
inertial observer is entitled to assume that a moving mass got its velocity (and 
energy) from work done upon that mass in the past (each inertial [energy-free] 
observer assumes that an energy-laden object has previously received work). 
 
This work done (force over distance) creates energy which has a dimensional 
presence and a (wave) form. It constitutes an entity which is de Broglie radiation.  
 
Matter-in-motion is the joining of a mass entity with an energy (radiation) entity. 
 
Duality is not one entity with two opposing forms as Bohr assumed. 
Duality is a consequence of the joining of two entities with separate/opposing forms.  
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In Section 1.8 we saw that the photon only becomes a (transitory) particle when space-
dispersed potential mass releases at a point to a material target (crossover). That is, the photon only 
converts its stored, waveform (relativistic) mass to space-discrete particle at crossover to the realm of 
matter (absorption). The comparable scenario is when a molecule only converts its stored, spaceform 
(thermal) energy to waveform radiation (photon) at crossover (emission). That is, thermal (stored) 
energy has the (spaceform) form of its material host and can only release as a kinetic energy waveform 
(photon). The notion of radiation as both a particle and a wave before termination is an extrapolation 
backward from termination that is neither justified nor correct. Nevertheless, wave-particle duality as a 
concept was gaining acceptance when Louis de Broglie came upon the scene.26 
 
 Also in 1923 de Broglie proposed that matter-in-motion had an oscillatory aspect and this would 
result in moving matter having a wave character. Einstein endorsed the idea and confirmation of 
electron waves came in 1927 with the experiments of Davisson and Germer. Duality of electron waves 
reinforced duality of the photon waves; wave-particle duality soon became accepted as part of reality 
and remains so today. It was/is so easy to merge the electron’s true wave-particle duality with the 
behavior of the photon as an in-flight wave that terminated on matter like a particle. Wave-particle 
duality has become a doctrine rather than an explanation; it is an assertion of a contradiction with the 
implication that we must accept it because analysis can go no further. This duality applies to the in-flight 
electron because it is a mixed entity (rest mass entity plus kinetic energy entity); it does not apply to the 
in-flight photon which has no rest mass and is a pure entity.  
 
2.1 De Broglie Waves, aka, Matter Waves 
 
Inspired by Einstein’s 1905 paper on the photoelectric effect, De Broglie took a heuristic 
approach toward the symmetry between matter and radiation in his 1923 paper. De Broglie’s basic 
thesis was extremely important for quantum mechanics, but he did not get everything right and the 
waves he inspired others to formulate did not correspond to the waves he envisaged. 
 
“While the concept of waves being associated with matter is correct, de Broglie did not 
leap directly to the final understanding of quantum mechanics with no missteps. There 
are conceptual problems with the approach that de Broglie took in his thesis that he was 
not able to resolve, despite trying a number of different fundamental hypotheses in 
different papers published while working on, and shortly after publishing, his 
thesis. These difficulties were resolved by Erwin Schrödinger, who developed the wave 
mechanics approach, starting from a somewhat different basic hypothesis.”27 
 
 One issue with De Broglie’s comparison of matter with radiation involved the liberties he took 
with energy and his assumption that quiescent matter had an “internal periodic process” (an idea he 
                                                          
26 
The phrase “wave-particle” is empirically based and is a clumsy comparison. A wave is a form; a particle is an 
entity. The proper dichotomy is between forms: occurring waveform versus existing spaceform (or “field-form”). 
Has nobody noticed this?  
27
 https://en.m.wikipedia.org/wiki/Matter_wave Accessed 08/2017. 
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never gave up). His objective was to show that p = h/ λ applied to matter-in-motion just as it did to the 
photon. He began by equating two unrelated expressions for energy, E = m0c
2 and E = hf. The former is 
latent (potential) energy locked inside matter while the latter is the kinetic energy of accumulated 
action quanta in a time interval. Time is irrelevant to m0c
2 whereas time is all-important to hf. 
Interpreting the stored (potential) energy of matter as a kinetic energy radiation wave was a dubious 
procedure; it resulted in a hypothetical wave of unrealistic frequency and velocity, a wave that carried 
no energy. 
 A second issue for de Broglie was his assumption that the momentum and therefore the 
wavelength for a speeding particle would be sharply defined, as was the case for the photon. But space 
position and momentum do not commute; precision in one yields uncertainty in the other (Heisenberg 
published this insight four years later in 1927). In experiments with diffracting electrons, wavelengths 
and momenta constitute an average. 
 A final issue for de Broglie was that he imagined that a physically real wave accompanied the 
particle. But the wave theory of matter as formalized by the Schrödinger equation and its wave function 
Ψ is a pure mathematical entity with a probabilistic interpretation. De Broglie’s idea of a real wave 
synched with a particle’s internal process was never realized. Just as Niels Bohr advanced a theory (in 
1913) of the hydrogen atom that was later superseded by the work of Schrödinger and Dirac, so de 
Broglie suffered the same fate from the same two gentlemen with his theory of matter waves. 
 
 With the Schrödinger equation, matter waves took on a mathematical character. Physicists were 
happy with the computational avenues it opened and relatively few of them pondered the nature of 
matter waves. How exactly the mathematics corresponds to reality remains an open question. 
 
“The physical reality underlying de Broglie waves is a subject of ongoing debate. Some theories 
treat either the particle or the wave aspect as its fundamental nature, seeking to explain the 
other as an emergent property. Some, such as the hidden variable theory, treat the wave and the 
particle as distinct entities. Yet others propose some intermediate entity that is neither quite 
wave nor quite particle but only appears as such when we measure one or the other property. 
The Copenhagen interpretation states that the nature of the underlying reality is unknowable 
and beyond the bounds of scientific inquiry.”28 
 
2.2 De Broglie Waves: Digging Deeper - 
 
De Broglie waves are oscillatory. The commonsense response is to ask what is it (mass or field or 
function) that oscillates. Two candidates for the source of oscillation have been proposed over the 
years. David Bohm in his pilot wave theory assigned oscillation to the particle’s wave function Ψ. This is 
unsatisfactory from an ontological perspective; it gives real-world ontological status to a multi-
dimensional mathematical function. A second option is to regard the moving rest mass particle as the 
source of oscillation. De Broglie did this in his dissertation with his assumption that massy particles 
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 https://en.wikipedia.org/wiki/Matter_wave#Interpretations  Accessed 08/2017. 
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possessed an internal “periodic process.” There are problems with this approach as well, as we can see 
by a brief consideration of oscillation for rest mass objects. 
 
Mechanical oscillation is familiar to us and examples include tuning forks, violin strings, and 
pendulums. Mechanical oscillation depends upon a resonant exchange of energy: stored (potential) 
energy is released to become unstored (kinetic) energy which in turn converts back to stored energy.29 
Thus the pendulum bob at the limit of its swing has total potential energy (no velocity) and at dead 
center the bob has total kinetic energy (maximum velocity). This and similar oscillation instances can be 
described via Newton’s second law, F = ma plus an expression for the restoring force (e.g., Hooke’s law). 
Because a mass is being accelerated over a distance, work is being done the energy of which is 
momentarily stored only to be then released. So how does this look to different inertial observers? 
 
Assume you have a vibrating tuning fork at rest in the inertial system of observer A. Another 
inertial observer, B, is moving past A and her tuning fork. Both observers agree that the tuning fork tines 
are oscillating although they may disagree about the oscillation rate (time dilation for observer B). But if 
observers A and B regard the tuning fork as simply a mass object, then only observer B finds that the 
fork has kinetic energy due to translation and therefore generates de Broglie waves.  
De Broglie waves and the kinetic energy of motion are hence subject to the relativity of velocity 
for observers; they disappear when velocity is zero. But oscillation of rest mass is never disappears for 
any observer. Put another way, when rest mass is accelerated and decelerated through oscillatory 
movements then work is expended (and recaptured) which is objective for all observers. Because de 
Broglie waves are observer-relative, we should not (as de Broglie himself did) look to observer-
independent rest mass oscillation for the source of waveform oscillation.30 This means that both forms 
of radiation – EM waves and de Broglie waves – do not have rest mass as the source of their oscillation. 
Unlike mass-based oscillation such as the pendulum, both EM radiation and de Broglie radiation 
are work free. Radiation oscillation of both varieties transmits kinetic energy without depending upon 
rest mass acceleration and deceleration. Radiation oscillation follows its own unique rule which states 
that kinetic energy is the accumulation of (Planck’s) action quanta in time: E = hf. This is a tip off that 
radiation has its own variety of kinetic energy (and oscillation) and its own distinct ontological status. 
 
It is easy to attribute the kinetic energy of EM radiation to the oscillation of the electric and 
magnetic fields. But we don’t have that option in the case of de Broglie radiation which always 
accompanies matter-in-motion. The current assumption – a holdover from classical physics – is that 
kinetic energy is simply a quantity that characterizes matter-in-motion. This quantity is, like velocity, 
observer-relative such that the same mass object may have zero kinetic energy for one observer and 
enormous kinetic energy for another observer. 
                                                          
29
 Electric circuits can also be resonant and have an analogue to a mass that is oscillating. See: 
https://en.wikipedia.org/wiki/Harmonic_oscillator#Equivalent_systems  
30
 De Broglie waves constitute radiation and the latter (as we shall see) involves the transmission of that (relative) 
energy required to put the mass in (relative) motion for the observer. Calculating the latent energy of motionless 
mass, as de Broglie does, seems like the wrong place to start. 
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Regarding the kinetic energy of a body in motion as a simple quantity presents a couple of 
problems. First, it leaves the kinetic energy of the moving body unconnected with de Broglie wave 
oscillation which is unsatisfactory. Attributing occurrence (oscillation) to a quantity (energy) is like 
attributing existence to mass (a quantity) and not to matter (an entity). Second, making the kinetic 
energy of moving matter a simple quantity is at odds with ontology. All other instances of mass and 
energy have a dimensional presence and a form. This is to say that these instances either constitute an 
entity or are stored by same. Thus rest mass is an entity that extends in space and has the spaceform. 
For EM radiation the photon is regarded as an entity31 as it extends in time (cycle period) and has the 
waveform. Only the kinetic energy of moving bodies appears to stand alone with neither form nor 
dimensional presence nor entity status.  
 We have seen (Section 1.1 - 1.2) that entities extend in one dimension, space or time, store their 
opposite and progress in the opposite dimension. This is an ontological rule. But we humans have 
trouble applying that universally. We have a built-in preference for objects in space and we tend to 
model all of reality on that basis. We have difficulty with the time dimension and energy is an 
abstraction easiest left as a quantity. The concept of a mass without kinetic energy (mass without 
movement) existing in space and extending there with a form is the simplest concept for us because that 
describes our state as (mostly stationary) human beings. But the ontological inverse of this is very 
difficult for us: kinetic energy without mass and occurring in the time dimension and extending there 
with a form (i.e., oscillation cycles that extend in/occupy time).  
 
 Summation: We have no acceptable explanation for the oscillatory nature of de Broglie 
waves. Attributing their oscillation to the moving mass via E = mc2 or to the wave function Ψ is 
unsatisfactory. Identifying the kinetic energy of matter-in-motion as a mere quantity is a holdover from 
classical physics and is a simplistic disposal of a profound problem. An additional hurdle is our very 
human preference for mass that exists in space over energy that occurs in time.  
 
Let’s consider the possibility that kinetic energy is in fact an entity. If energy-free mass can exist 
in space as an entity, then by ontological symmetry mass-free energy should be able to occur in time as 
an entity. The search for “something that oscillates” ends if oscillation itself is a self-sustaining entity. 
Might the oscillation (kinetic energy) of de Broglie radiation be an occurring, dimensionally-present 
entity created by work done? 
 
2.3 Kinetic Energy as Work Done – 
 
 Inertial systems are defined by a mass that is force-free. A massy observer defines an inertial 
system providing that observer experiences no external forces. Imagine then a set of inertial observers 
all with different velocities relative to a “stationary” mass M. They all attribute different values of 
velocity, kinetic energy and de Broglie wavelength (and hence oscillation) to mass M. Meanwhile 
stationary observer S, residing within M’s inertial system, finds the mass to have zero velocity, zero 
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 The in-flight photon is indeed an occurring entity. But many regard it as a particle and give it entity status on that 
(mistaken) basis. 
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kinetic energy and no de Broglie oscillation (zero momentum and infinite wavelength from p = h/λ). Any 
moving observer can reproduce the measurements of observer S by joining S’s inertial system; that is, by 
accelerating or decelerating to eliminate the velocity difference between them and observer S. But the 
velocity change of mass requires work. This means that all observers moving relative to S (ant to mass 
M) possess a work differential with respect to S and its inertial system. 
 
 In a related scenario, suppose we have a number of force-free (inertial) masses moving at 
different velocities. We can designate one mass as “stationary” and all of the other masses then possess 
work differentials with respect to our chosen mass. They also possess kinetic energy with respect to our 
chosen mass. Velocity, kinetic energy and work differential are all observer relative and they are 
connected. 
 It is commonplace (and simplistic) to say that velocity causes a mass to have kinetic energy. It is 
true they go together, but that is because they share the same source. From the point of view of our 
favored “stationary” mass, all other masses have at some time in the past experienced acceleration to 
give them their current velocity. These masses therefore possess a work differential that equates to the 
kinetic energy they possess. Since energy is conserved, this work differential stays with the (force-free) 
masses in question and this tells us something significant.  
 
 Both velocity and kinetic energy of motion are a consequence of past work done. 
 Kinetic energy of motion is not a consequence of velocity.32 
Tying kinetic energy, and de Broglie oscillation, to work done removes kinetic energy’s supposed 
dependence on matter-simply-being-in-motion. Connecting kinetic energy of motion to work done gives 
kinetic energy its own source/origin and its own ontological standing; kinetic energy thereby becomes 
something separate and distinct from the matter it accompanies.  
 Velocity is a relation between observer and observed and has no dimensional presence (doesn’t 
occupy space or time). But kinetic energy of motion is, like other types of energy (potential energy, EM 
energy), an ontological constituent with a dimensional presence and a form, namely the de Broglie 
radiation waves (yielding a wave packet). 
 Kinetic energy of motion derives from work done on the mass and this energy can only be 
removed through negative work done on the same mass. The mass itself is an ontological bystander to 
all of this and cannot be said to possess kinetic energy or velocity as “properties.”  
 We have seen that entities have two identities with the kinetic identity playing host to the 
potential (stored) identity. You cannot have an entity whose kinetic identity (say matter, aka 
kinetic/unstored mass) is hosting another kinetic identity (say kinetic energy). The way that physics 
overcomes this is to insist that kinetic energy is merely a quantity. In that way, kinetic/unstored matter 
as an entity can “host” kinetic/unstored energy as a quantity. But of course this violates the ontological 
symmetry of mass and energy. It also leaves unexplained any connection between a quantity (kinetic 
energy of motion) and an occurrence (de Broglie oscillation). 
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 This change of viewpoint will be difficult for many. There was a similar conceptual change in the accepted view 
of moving bodies that took place long ago: no force being required for a mass to maintain its velocity (inertia). 
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 The current view of mass-in-motion possessing kinetic energy goes back to the middle 
of the nineteenth century and the pioneers of work-energy and thermodynamics. 
When de Broglie waves came along these waves were quickly assigned to the category 
of wave-particle duality and not to radiation energy or kinetic energy. We are stuck 
with a simplistic view of kinetic energy that is 150 years old and went untouched by 
subsequent breakthroughs, i.e., the theory of radiation (Maxwell, Hertz, Planck, 
Einstein, de Broglie) and the quantum revolution. 
 
 The kinetic energy associated with (not caused by) matter-in-motion is not stored energy. 
Rather, it is transmitted energy just as electromagnetic radiation is transmitted energy. And the basic 
mechanism of transmission (via radiation) must be the same in both cases: an oscillation combined with 
space progression yielding waves. “Matter waves” constitute the kinetic energy of the mass moving at 
some velocity with both the kinetic energy (work differential) and the velocity being defined relative to 
some inertial, “stationary” observer. 
 
 So the oscillation of matter waves (de Broglie waves) constitutes matter-in-motion kinetic 
energy. What then, the reader might ask, is doing the oscillating? That, of course, is the wrong question 
for it tacitly assumes the model of something material existing (tuning fork, violin string) doing the 
oscillating where a displacing force is pitted against a restraining force (work exchange). Aside from the 
initial acceleration, the kinetic energy of moving bodies does not involve forces so this excludes the 
oscillation/vibration of anything material since that requires forces (displacing, restraining).  
The kinetic energy of matter in motion is the transmission of past work done and this work 
(energy) as transmitted is now entirely in the realm of force-free energy occurrence (as opposed to force 
acting on mass).33 Because kinetic energy of motion is not the property of the mass involved, kinetic 
energy of motion is its own property, which is to say that it is an (occurring, oscillating) entity in its own 
right. This entity’s kinetic/unstored identity is oscillation which resides in the time dimension while its 
potential identity (what it stores, which also oscillates) is present and progressing in the space 
dimension. This radiation energy consists of action quanta (E = hf)34 in time, not force over distance.  
 
2.4 Kinetic Energy of Motion as Entity – 
 
 Because the kinetic energy of matter in motion is separate from the matter that moves, there 
are two entities involved for matter-in-motion. There is the mass-based entity existing in space (and this 
mass progresses in time just as a stationary mass does). And there is the separate energy-based entity 
(i.e., de Broglie wave radiation) occurring in time (and progressing in space). The progression in space of 
the mass-based entity is entirely due to the energy-based entity; remove the latter entity (i.e., the work 
done) and the mass entity is motionless. 
                                                          
33
 Radiation is the transmission of waveform kinetic energy. Force acting over distance (space) is the transfer of 
energy. 
34
 But de Broglie oscillation cannot be single-valued. Out-of-phase wave crests reinforce to create a wave packet. 
The average wavelength in the packet still relates momentum with Planck’s constant: p = h/λ. 
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 A rest mass entity moves because it is joined with the de Broglie wave radiation entity which 
constitutes work done. 
 Moving matter gets its space extension (space occupying feature) from its mass-based entity; 
it gets its space progression from its work/energy-based entity 
We found (Section 1.1) that mass or energy constitute an entity if they: 1) have a form and a 
dimensional presence; 2) store their opposite; 3) have a quantitative measure and are quantized. We 
have seen on this basis that rest mass constitutes an existing entity while electromagnetic radiation 
(photon) constitutes an occurring entity. Showing that de Broglie radiation is also an occurring entity is 
fairly straightforward. 
 
 As already argued, the kinetic energy of matter-in-motion is a time-based entity; an entity 
whose kinetic/unstored identity occupies (oscillates in) time while its potential (stored) identity 
(relativistic mass) progresses in space. Viewing the kinetic energy of a moving body as a simple quantity 
precludes any causal connection between the body’s kinetic energy and its de Broglie wave oscillation.  
Like velocity and kinetic energy itself, a de Broglie wave radiation entity is observer-relative. It is 
created by work done and so it can be eliminated by work done. This entity has an oscillation giving it a 
presence in the time dimension; like EM radiation it progresses in the space dimension since all entities 
extend in one dimension and progress in the other. This time oscillation plus space progression of 
relativistic mass creates the de Broglie waveform we experience (or infer). Like EM wave energy, de 
Broglie wave energy has a form, it stores its opposite (relativistic mass) and has a quantitative measure. 
 When radiation of any kind – electromagnetic or de Broglie – is unconfined then it can have a 
continuous range of oscillations and hence energies for different observers. Thus a photon has different 
oscillation rates for observers of different velocities (Doppler Effect). And the same is true for de Broglie 
oscillation rates seen by different observers with different velocities relative to the mass in motion. But 
once radiation gets space-confined (bounded) then: 1) its energy becomes stored (potential, releasable) 
within its space confinement; and 2) its oscillation rate and energy can only assume certain values. It 
becomes quantized because only whole wave cycles can fit into a confined space. Electromagnetic wave 
confinement happens within a photonic crystal. Examples de Broglie wave confinement yielding discrete 
quantities of energy are numerous: the electron as “matter wave” confined to certain “orbits” (energy 
levels) in the atom; the vibrational energy of a diatomic molecule; and condensed matter lattice 
vibrational energy (phonons as quantized energy). 
 To conclude, de Broglie wave radiation accompanying a moving body fulfills all the requirements 
of an entity. It takes its place in physical ontology alongside inertial rest mass and the photon. As 
radiation it constitutes a variant of EM radiation. Both radiations depend upon kinetic energy as an 
entity; the EM radiation entity can stand alone, the de Broglie entity only appears when it is joined with 
the rest mass entity because the de Broglie entity expresses the work done on the rest mass entity.  
Mass and energy therefore appear in three different guises, with radiation oscillation 
constituting kinetic energy: 
 EM radiation is rest mass free. 
 Inertial mass is radiation free. 
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 Moving bodies combine rest mass and its form with radiation and its form. 
 
2.5 Transmission of Work Done  - 
 
 Radiation transmits work done at some source across space. Think of the work done to 
accelerate an electron in an electron microscope. This work (energy) is/constitutes the electron’s de 
Broglie wave radiation oscillation in time and this energy is the kinetic/unstored identity of the radiation 
entity. The electron as a rest mass particle simply accompanies the radiation entity. Radiation oscillation 
energy is the kinetic/unstored identity of the occurring radiation entity, whether that entity is de Broglie 
or electromagnetic.  
As our electron speeds through the microscope, its tiny rest mass entity is now dominated by 
the work-created radiation entity. The potential identity of the radiation entity is the relativistic mass 
which is quantitatively related to the kinetic (oscillatory) identity via mrel = E/c
2. The potential (relativistic 
mass) identity of radiation is important because it progresses (and rarefies) along space paths whereas 
the kinetic (oscillation) identity remains common and undiminished for all those paths; this is true of our 
electron just as it is true of the photon.  
The quantized de Broglie radiation wave entity and the quantized EM radiation entity (photon) 
are ontologically identical: 1) energy based on wave action quanta (h); 2) a kinetic oscillation identity 
extending (residing) in time; 3) and a potential (probability) identity progressing in space. Because of 
this, both function well in microscopes; and a photon encountering a double slit and a speeding electron 
encountering a crystal lattice produce the same interaction (interference). Each has a waveform 
potential identity (being potential/stored, this waveform is also probabilistic). This potential identity 
(space-continuous relativistic mass) interferes with itself when passing through slits or lattices and 
produces wavy regions of maxima and minima probable reception. In both cases the wave exiting the 
slit or lattice is an actual wave of objective probability that can be modeled (for the electron) by the 
wave function Ψ. Both waves have a momentum and a wavelength related by Planck’s constant.35 
 
De Broglie radiation travels as a wave packet accompanying the particle.36 For a particle of very 
small momentum, such as an electron, the packet resembles a wave: a relatively long packet wavelength 
(permitting imaging and also diffraction effects) and incomplete wave reinforcement yielding 
uncertainty of the particle position (an elongated, diffuse packet). For larger particles with larger 
momentum things go the other way: shorter wavelength, greater certainty of particle position and the 
packet comes to resemble a spaceform, not a waveform. For moving objects at the human scale the 
wave packet wraps the object tightly in space. 
 
                                                          
35
 There are some (necessary) differences between de Broglie and electromagnetic oscillatory energy entities. De 
Broglie quanta form wave packets which conform to the trajectory and the speed of the rest mass. EM quanta 
proceed at constant velocity for all observers and have no defined trajectory. Nevertheless, both constitute 
radiation transmitting released energy or work done across space. 
36
 Could the photon also be a wave packet? 
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For the purpose of analysis, it is convenient to treat the moving rest mass entity as separate 
from the accompanying kinetic energy radiation entity. One has mass existing (and progressing) over 
time as a spaceform, the other has oscillation occurring (and progressing) over space as a waveform. But 
this conceptual separation may be deceiving; separation may not be absolute. 
Consider the tunneling electron. It is able to achieve penetration of a barrier that, absent its 
wave character, it could not possibly do. The barrier apparently cannot “recognize” the electron as a 
distinct rest mass object it should bar. This suggests that when ontological opposites join (matter-in-
motion) they fuse their categories (existence, occurrence) and their forms (spaceform, waveform), with 
the lesser entity assuming aspects of the greater. For human scale moving bodies the rest mass entity 
dominates and so the oscillatory radiation entity assumes the spaceform (via intense wave 
reinforcement). At the quantum scale, it is oscillatory energy that dominates and it is the rest mass that 
perhaps (partially) alters its form. This contravenes our conception of existing mass that is immutable in 
its category (existence) and its form (space-extending field). It is possible that the ontological divisions 
we find in reality are not rigidly enforced when it comes to particle motion in the quantum world where 
opposite categories and forms are joined together.37 De Broglie waves that transmit energy become 
spaceform-like for massive moving bodies; perhaps rest mass particles at the quantum-level (e.g., the 
electron) become wave-like.  
 
2.6 Our Concept of Radiation – 
 
 Radiation energy is oscillation-based kinetic energy being transmitted through space; it is either 
de Broglie radiation or electromagnetic radiation. Both energy entities have a kinetic/unstored identity 
(oscillation) in time and a space-progressing potential identity (stored mass).  
While electromagnetic radiation travels alone, de Broglie radiation accompanies a moving rest 
mass, so its ontology is more subtle. There is the moving rest mass as pure entity; it exists and its 
kinetic/unstored identity resides (extends) in space. And there is the work done upon that particle which 
stays with it as a pure energy entity that occurs (oscillates) so its kinetic/unstored identity resides 
(extends) in time.  
 
The concept of a matter-in-motion as a joining of two distinct pure entities (quantized matter 
and quantized radiation) with their two distinct forms has never been considered; after all, physicists 
knew that entities only exist and only reside in space (particles); entities do not occur on their own in 
time. But de Broglie’s intuition about wave-particle duality and then Davisson and Germer’s 
confirmation convinced physicists that moving bodies (particles) indeed had two forms, waveform and 
spaceform (for them the opposition was wave versus particle, see note #24).  
Having a single entity possessing two opposite forms was a real paradox that defied explanation. 
It became fairly common either to embrace the contradiction as a quasi-explanation and regard the 
problem as “solved” (Bohr) or to set it aside. This model of one entity with two forms has become so 
                                                          
37
 Pilot wave theorists assume that a particle retains its field form while being “guided” by a separate waveform. 
This is the cork-on-the-ocean-wave analogy; it seems like a too-simple adaptation of our common experience 
being applied to the microworld. 
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thoroughly embedded into consciousness and textbooks that one (almost) despairs of changing minds 
on this score. “Particle-wave duality” has become a mantra invoked when required and never 
questioned. 
This model of matter-in-motion as one entity with two opposite forms is a conceptual dead end 
as the last 100 years has demonstrated; no progress can be made on it. In contrast, the model of a 
moving particle as a union to two distinct entities, each with its own form, by-passes the contradiction 
entirely and offers a number of conceptual and ontological advantages. It offers: 
 Formal unity for radiation: 
 Radiation – de Broglie and electromagnetic – now has a common ontological model. 
Radiation is a self-sufficient energy entity with a kinetic/unstored identity that resides 
(extends) in time whose energy (oscillation) is common to all space paths. This entity 
also has a potential identity that progresses in space and whose stored mass: 1) 
disperses and rarifies on all available space paths; and 2) probabilistically determines 
release of what is stored by radiation.  
 
 Formal unity between radiation and matter as entities: 
 At the most general, abstract level, existing matter, and occurring radiation, are 
ontologically identical as entities: a kinetic identity that extends in one dimension and is 
path-common in the other dimension; and a potential identity that while progressing on 
paths in a dimension (time for matter, space for radiation) probabilistically determines 
the release of what is stored by an entity (matter entity, radiation entity). 
 
 Resolves electron wave-particle duality: 
 An electron-as-rest-mass and its de Broglie radiation are separate entities with different 
forms. Experimenters have to choose which entity/form to “measure” because 
waveform and spaceform treat space differently: a spaceform extends in (occupies) 
space, a waveform progresses in space; spaceform masses impact whereas waves 
interfere. The traditional interpretation of a moving particle as one entity with dual 
forms (waveform, spaceform), becomes a union of two entities (matter, radiation) with 
separate forms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
   An important goal of science is to unify disparate phenomena by means of a new 
concept or model. All unifications provide a type of explanation and offer intellectual 
satisfaction even if some of them don’t provide for new experimental results. Some 
unifications proceed by rectifying past missteps or by offering a new way of looking at 
familiar things. 
   Up until now de Broglie radiation, EM radiation and kinetic energy have had little in 
common. The section just concluded has tried to unify them. 
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*    *    *    *    *    *    *    *    *    * 
 
 
 
Nature has given us two complementary but opposing entities – existing mass, occurring energy 
(radiation) – that can stand alone (as pure entities) or combine (yielding matter-in-motion with 
associated de Broglie wave radiation). Each entity has both a kinetic/unstored identity and a potential 
identity. The potential identity of existing mass (matter) features stored energy that is releasable on 
time paths and this has been described quite adequately via thermodynamics or via the half life values 
for radioactive atoms. It is the potential identity of occurring (kinetic) energy, namely relativistic mass, 
that has been dismissed (seen as energy) and misunderstood (seen as a quantity). The preceding 
sections have outlined the role that potential (relativistic) mass plays in wave-particle duality for both 
the photon and the electron. We may now turn to the role that potential (relativistic) mass plays in the 
bonding of entities and the collapse and disappearance of those bonds. 
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Section III Nonlocality – Entanglement 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.0 Bonding Entities  - 
 
We have examined pure entities as singular instances, namely the inertial mass and the photon. 
We have also looked at the union of the mass entity with the energy entity to create matter-in-motion. 
Now it is time to look at the case where similar entities are adjacent in their extension dimension and 
share a bond. Atoms typically bond by sharing valence electrons so that they come together to achieve a 
lower energy state. Material objects in general bond via potential energy to create the material world 
that surrounds us. We can characterize this ontologically. 
 Spaceform entities (atoms/molecules) bond together in space via existing spaceform 
potential energy.38 
The formal, ontological equality of mass and energy (as entities), of spaceform and waveform 
(as forms), suggests there might be an alternate, inverse type of bonding, namely 
 Waveform entities (photons) bond together in time via occurring waveform potential 
(relativistic) mass. 
Waveform bonding – entanglement – was incomprehensible until Einstein and then de Broglie 
showed the fundamental parallels between mass and energy; even then it did not make a lot of sense. 
                                                          
38
 The potential energy bond exists and extends in space; like matter it therefore has the spaceform. In fact, matter 
is mostly potential energy holding together particles (electrons, nucleons) whose volume is insignificant. 
Like entities bond via their potential identity. 
 
Material entities (atoms, molecules) bond via shared potential 
energy existing in space. Radiation entities (photons) bond via shared 
potential mass occurring in time. 
 
Bonds between existing objects (atoms) exist (as potential energy) 
and cannot change instantly. 
 
Bonds between occurring objects (photons) occur (potential mass as 
wave) and can change instantly and nonlocally. 
 
 Electrons in low temperature metals can bond via de Broglie wave 
coherence: condensed matter physics. 
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3.1 Photon Entanglement  - 
 
 The controversy over entanglement began with a paper in 1935 by Einstein, Podolsky and Rosen 
(EPR) which argued that separate but entangled (correlated) quantum particles had real values (of 
position plus momentum) before they were measured. Over the years this dispute evolved into whether 
or not there could be faster-than-light (nonlocal) effects across space. The history of this dispute is 
involved and has been covered elsewhere; here we may look at the method Alain Aspect and his team 
used to generate and experiment with entangled photons.39 
 
 A calcium atom in its lowest energy state has two electrons in its outermost 4s orbital shell. 
Energy can be added to such an atom so that both of these electrons are promoted to the 4p orbital, 
which is an unstable state. When this energy is released, both electrons return to the 4s orbital, creating 
two photons, one green and one blue on the frequency spectrum. The blue and green photons then 
progress over an expanding wave front in space. 
 Together, these two photons constitute energy and thereby store potential (relativistic) mass. 
Normally each photon has its own separate and unshared potential mass; but in this case they share the 
undivided potential mass of the single emission/release event that created them. This is similar to two 
bound atoms sharing their binding energy or their common thermal energy. 
Assume entangled blue and green photons head off in opposite directions conserving 
momentum. Photon spin must also be conserved (anti-correlated), but we have reason to believe that 
spin direction for each photon does not precede measurement. That is, some properties may 
characterize the whole but be undefined in the parts. If you measure the blue photon for spin at one 
space location and axis you have forced the photon into a defined state, either up or down. Once this is 
done the green photon will assume the opposing spin on the same axis and this before any possible 
light-speed signal from the blue photon can arrive. 
 
 We have seen (Section I above) that unterminated photons are not particles with some real but 
hidden space location. Rather, photons consist of an EM oscillation that is common to all available space 
paths (i.e., to all observers on those paths) plus waveform potential (relativistic) mass distributed 
(unevenly) over space paths. The oscillation provides the undiminishable photon energy while the 
waveform potential (relativistic) mass provides the space-rarefying probability of local termination 
(crossover).  
It is necessary to keep the distinction between the two identities of the photon very clear. All of 
the kinetic energy of the photon resides in its kinetic (oscillation) identity which is path-common. There 
is no kinetic energy in the photon’s potential identity. It is the photon’s potential identity that is the key 
“actor” in nonlocality. Note how the potential identities of both the rest mass entity and the radiation 
entity are ontologically congruent: 
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 For a brief overview of nonlocalty see: http://math.ucr.edu/home/baez/physics/Quantum/bells_inequality.html. 
For the Alain Aspect experiments see: http://www.rpi.edu/dept/phys/Courses/PHYS4510/AspectNature.pdf  
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 Material entities (atoms, molecules) bond (entangle) via their shared potential energy. 
In the realm of material entities, the potential identity (potential energy) exists with a 
spaceform but it has no kinetic/unstored mass (no rest mass) and no kinetic/unstored 
energy. 
 Radiation entities (photons) bond (entangle) via their shared potential (relativistic) 
mass. In the realm of radiation entities, the potential identity (potential [relativistic] 
mass) occurs with a waveform but it has no kinetic/unstored energy and no 
kinetic/unstored mass (no rest mass).40  
 
 Potential mass radiation waves come in two flavors. If the radiation involved is de Broglie 
radiation, then the potential (relativistic) mass is constrained (by wave packet reinforcement) to follow 
the moving body (the rest mass body that received the work done, see Section II). But if the radiation 
involved is EM radiation, then the potential (relativistic) mass will follow all available space paths and 
(normally) disperse very widely. Photon reception by a material target (or observer) means that space-
dispersed (perhaps intergalactically dispersed) potential (relativistic) mass collapses instantly at a space 
point. 
 The potential mass wave of radiation is physically real: it has a form, a space presence and it can 
interfere with itself. And yet it can collapse instantly for a couple of reasons. First, it is an occurrence 
that possesses neither kinetic energy nor rest mass so its spatial retraction is cost-free. Second, stored 
(potential) mass is space-continuous and as an occurrence free of rest mass it can have no defined 
location in space (space being its progression dimension). It spreads over all available space paths 
without being located exclusively on any of them: it merely constitutes a spatially-distributed, physically 
real, objective probability of release. It is a “ghost wave” of probable release.41 
 We now have our radiation “ghost” wave that can collapse instantly regardless of its spread in 
space. We also have our prescription from ontology that like entities join together through their 
potential identities. Photon nonlocality follows from these two insights. 
 
 The blue and green photons are created sequentially in a cascade so their kinetic/unstored 
identities (their frequencies) are retained. But since they share in a common release event their 
potential identities are not independent. In fact, it is the combined potential (relativistic) mass of the 
two photon entities that bind them together. The two photons share the same potential mass “ghost” 
wave so that change in one instantly becomes change in the other. Change does NOT require a signal 
sent across an expanse of space (the velocity of such a signal cannot exceed that of light). Like any 
entity, our entangled photons have (share) a stored quantity which progresses (as a “ghost” wave) in a 
dimension (space) awaiting release. This “ghost” wave for entangled photons is a holistic wrapping of 
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 This sentence could be written more directly as “…but it has no kinetic energy and no rest mass….” But this 
eliminates a key ontological distinction: the energy and the mass being referred to are both of the kinetic 
(unstored) variety. A potential identity cannot possess anything kinetic. 
41
 The term is from Einstein, see https://arxiv.org/ftp/arxiv/papers/0709/0709.3226.pdf, esp. p. 2. A radiation 
wave of no energy and no rest mass is very close to what Einstein envisioned – his instincts were so good! 
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both photon waves by an expanding web of shared, stored mass generated by the original cascade 
event.  
 
 When mass is unstored (“kinetic”) it exists (as matter) and is space-discrete; when mass is 
stored (potential) it occurs and is space continuous. In the realm of radiation, occurring photons bound 
together by occurring potential (relativistic) mass constitute pure occurrence free of rest mass. It makes 
sense that change of an insubstantial occurrence should not require a time interval. On the other hand, 
in the realm of inertial matter, existing particles (atoms, molecules) bound together by existing potential 
energy constitutes pure existence free of kinetic energy. Change for these bound particles must be 
transmitted through the existing, mediating potential energy and this cannot be instantaneous; it 
requires a time interval. 
 
Currently we have no explanation for nonlocality.42 There is a general sense that space-
separated photons are somehow part of a larger whole. But no one imagines that stored mass can bind 
occurring entities together just as stored energy binds existing entities together. Standing in the way of 
that concept is the view of the photon as an existing quasi-particle. Getting rid of that error requires 
recognizing kinetic energy as an entity of radiation able to bond with like entities just as material entities 
do. The root error is regarding kinetic energy as a quantity without a dimensional presence; Initial 
missteps generate others and have large consequences. 
 
3.2 Particles Entangled by de Broglie Waves – 
 
 Our joined blue and green photons released from the calcium atom constitute EM waveform 
binding. But there is also de Broglie waveform binding yielding rest mass particles that share states via 
quantum wave coherence. 
 Wave coherence is a concept that evolved in classical optics to describe the relationship of two 
or more light waves. Waves in general are coherent if they have the same frequency and their crest 
alignment is stable. Coherent waves of different amplitudes superpose to yield a combined coherent 
wave. Such a light wave will interact with a double slit to produce a regular interference pattern because 
each photon has the same alignment in terms of slit interference. 
 Since oscillating electrons can also create interference patterns it was natural to adopt wave 
coherence as a concept into the quantum world. In the examples below, particles enter a state of 
coherence when their de Broglie waves conform to a common frequency and phase alignment. 
 
 Valence electrons in a crystal are free to move and oscillate but their oscillations are subject to 
constraints imposed by the crystal lattice that surrounds them. The crystal structure itself stores 
potential (binding) energy so it constitutes a space-repetitive (periodic) potential barrier to electron 
oscillation (i.e., a restraining force). As a result the oscillating electron is a standing wave (a Bloch wave). 
The crystal lattice structure has its own oscillatory energy the modes (frequencies) of which are 
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 If you look up the Wikipedia articles on “Nonlocality” and “Quantum entanglement” you find one thing lacking in 
both articles: an explanation. 
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quantized (as phonons). These oscillation energies – of electron and of lattice – generate standing (in-
place) de Broglie waves of relativistic mass that interact and become resonant/coherent (the same 
phenomena occurs with stringed instruments and sonic waves).  
Oscillation resonance lowers the energy level of adjacent electrons suggesting they are bound; 
they are known as “Cooper pairs” after their discoverer. This binding overcomes electron charge 
repulsion and takes place even though the electrons are separated by many lattice intervals and even 
though pairing is not permanent. “Each pair can be thought of as a wave…which acts over such a large 
volume that within it there are millions of other electrons each forming their own pairs.”43 Within a 
conductor, the free electrons form a coherent waveform state with the same phase in time. With zero 
resistance to electrical current they constitute a superconductor whose essence is “coherence between 
the de Broglie waves of all the Cooper pairs.”44 Because electrons are dominated by their de Broglie 
waveform character, electron wave coherence bonding is not limited to free (valence) electrons. Bound 
electrons in the shells of an atom also interact with each other via oscillation resonance. 
 
 In addition to electrons in solids, particles (atoms, molecules) in gases and liquids have de 
Broglie waves that under certain conditions achieve a coherent state.45 Gas particles at room 
temperature have a lot of kinetic energy which makes for large momentum but small wavelengths. 
Under these conditions a particle’s thermal de Broglie wavelength is then about ten thousand times 
smaller than the average spacing between the atoms. The gas particles then interact randomly 
according to the classical Boltzmann statistics. But as the gas is cooled particle momentum decreases 
and wavelength increases; the waves of adjacent particles then overlap in space. At that point the gas 
particles begin to oscillate in concert and you have a Bose – Einstein condensate where quantum 
statistics replaces Boltzmann statistics.46 
 
 There are similarities (and subtle differences) between particles joined by de Broglie waves and 
photons that are part of a larger EM wave. Both feature parts incorporated into a larger whole and that 
whole may have properties that their components do not. Individual electrons, being fermions, have a 
spin of –
1
/2, but when they combine as a Cooper pair the whole has an integer spin (0 or 1) making it a 
boson. Similarly, individual photons have a defined spin, but when entangled their spin is undefined. 
 
3.3 Entanglement Summary  - 
 
 Entities that occur have a bond that also occurs, namely potential (relativistic) mass. Examples 
include our entangled blue and green photons.  
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 P.J. Ford, G.A. Saunders, The Rise of the Superconductors (CRC Press, 2004). Online at: 
http://qudev.ethz.ch/content/courses/phys4/studentspresentations/supercond/Ford_The_rise_of_SC_6_7.pdf, p. 
109. 
44
 Ibid, p. 109. 
45
 Coherence in general, whether in gases, liquids or solids, can only take place at very low temperatures. Thermal 
oscillation disrupts this coherence at higher temperatures. 
46
 Keeping a gas of atoms (e.g., rubidium atoms) very dilute prevents it from becoming a solid. Ultra cold helium 
gas doesn’t solidify, but it does become a liquid exhibiting very unusual properties (superfluidity). 
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Entities that exist have a bond that also exists, namely potential energy. Examples include atoms 
that bond to each other by sharing their valence electrons; also electrons with a negative charge 
attracted to a nucleus with a positive charge. 
 But quantum entities that exist – electrons, protons, whole atoms – also have a (de Broglie) 
wave character and under certain conditions (low momentum, large wavelength) they can join together 
in a type of resonant oscillation bonding. 
 Bonding/entanglement is a general ontological phenomenon. It crosses the mass/energy 
(matter/radiation) divide just as it crosses the existence/occurrence divide. It operates at the quantum 
level and by doing so it produces some very unusual phenomenon: nonlocal change (for radiation) and a 
new type of matter (Bose-Einstein condensate). 
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Section IV: The Measurement Problem 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.0 What the Wave Function Represents – 
 
 Debate about the interpretation of Schrödinger‘s equation began soon after it was introduced. 
Schrödinger believed that his equation described physical waves that were the foundation of everything, 
including matter. Others have not gone that far while still asserting that the wave function does in fact 
represent something physically real.47 Some would invest the wave function itself – as a mathematical 
expression – with ontological (physical) reality. But that seems excessive and certainly has no place in 
the present essay devoted as it is to mass and energy.  
The Copenhagen school argues that the wave function merely represents our knowledge of 
reality rather than reality itself. This is in line with Bohr’s position which tends to deny the connection 
between theory and “reality.”48 But that view now seems a product of an era when positivism was in the 
ascendant and new physics conundrums were so chock-a-block that reality seemed out of reach. The 
wave function evolves deterministically over time, but it collapses in an instant when the system it 
describes is measured. Physicists possess an equation that works in terms of probability predictions, but 
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 See “On the reality of the quantum state” by Matthew F. Pusey, Jonathan Barrett, Terry Rudolph, 
http://arxiv.org/abs/1111.3328 . 
48
 Niels Bohr wrote: "It’s wrong to think that the task of physics is to find out how nature is.” 
Moving quantum particles (e.g., electrons) are a union of two entities (Section II): a 
rest mass entity and a radiation energy entity, with the rest mass spaceform subordinate to 
the (de Broglie) radiation waveform. 
 
The wave function psi Ψ models the radiation waveform that: occurs; has a 
dimensional presence; and is a potential identity of an entity (hence probable release).  
 
The measurement problem: it is an equation, Ψ, that doesn’t appear to represent 
anything physical. It actually represents the potential identity of de Broglie radiation. 
 
------------------------------ Other Topics ------------------------------ 
 
Collapse characterizes a radiation entity: what has spread on space paths is 
retractable, occurring, waveform probability (potential mass). 
 
Superposition is valid for waves but not for rest mass particles. 
 
Schrödinger’s cat is revisited with a correct ontology. 
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they do not know exactly what physical reality undergirds this equation. This is the essence of “the 
measurement problem.” 
 
 
*    *    *    *    *    *    *    *    *    * 
 
 
 Physicists study mass and energy, have done so for a long time and they believe that they have 
identified all the players involved. But we have seen that there is a certain asymmetry in their list. They 
find that energy can be stored (potential) and they grant it a dimensional presence (e.g., the electron 
charge field or the bonding energy in solid matter). But mass that is stored or acquired (aka, relativistic 
mass) is regarded as merely a quantity without a form, without a dimensional presence. Even the idea 
that relativistic mass constitutes stored/releasable mass is foreign to most physicists. Therein lies the 
heart of the problem of determining the significance of the wave function Ψ. Physicists have developed 
an equation that describes the evolution in time and space of something they don’t acknowledge. 
 
Section 1.7 pointed out that EM radiation has a potential identity of stored (relativistic) mass 
that progresses through space and determines photon probable crossover (release). Such potential 
(relativistic) mass also characterizes speeding particles such as an electron. The electron is accompanied 
by de Broglie radiation with its stored mass as waveform determining probable particle location.  
There is an ontological symmetry worth noting here. Our two types of occurring, radiation 
entities, EM and de Broglie, store potential mass which progresses on space paths toward probable 
release. Their ontological opposite is an existing matter entity that stores potential energy which 
progresses on time paths toward probable release (emission). This parallelism has been a guide for our 
assumptions; it also increases confidence in our approach. 
 
The wave function psi (Ψ) is the total energy operator (the Hamiltonian) for the moving particle. 
It represents the occurring radiation entity and its waveform potential (relativistic) mass.49 Occurring 
potential (relativistic) mass constitutes objective probability: knowledge/predictability for the group 
minus predictability for the individual. The wave function faithfully portrays this reality. The wave 
function can only give statistical (group) knowledge of space position because that is all that waveform 
potential (relativistic) mass contains. 
The wave function as abstract mathematical modeling evolves as a superposition of several 
eigenstates and that modeling implodes when a specific eigenstate is selected. This is precisely what 
happens to potential mass waves in nature. An electron’s potential mass wave passes through a crystal 
lattice, interferes with itself to create minima and maxima, but collapses in an instant when the electron 
itself is measured and what is stored is released. Collapse, storage release and measurement are all tied 
together. 
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 Section II pointed out that a moving particle is a union of a matter entity (rest mass) with an energy (work done) 
entity; the latter stores mass and constitutes oscillatory (de Broglie) radiation. 
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Section 2.4 – 2.5 pointed out that matter-in-motion is the joining of two pure entities, existing, 
spaceform inertial mass and occurring, waveform radiation. Each entity has a kinetic/unstored identity 
and a potential/stored identity. The radiation entity is a consequence of the work done on that mass as 
seen by a “stationary” observer. The radiation entity’s kinetic identity (oscillation) resides in time while 
its (stored mass) potential identity progresses in space.  
The measurement (reception) of matter-in-motion, say an electron, constitutes: 1) the 
elimination (total or partial) of the radiation entity created by the work done on that electron, and 2) 
the transference of this radiation entity’s energy to the material target. This cessation of a radiation 
entity that occurs in time and simply progresses in space (as potential mass) constitutes collapse from 
our viewpoint; it is the occurrence (termination) of pure occurrence. Collapse reflects the ephemerality 
of radiation as an entity of kinetic energy that simply occurs because of past work done (energy transfer) 
or because of energy release. Modeling this radiation’s space-progressing component – probabilistic, 
potential mass – with a wave equation requires that equation to collapse as well for a specific solution 
(release location). 
 
The wave function Ψ as a mathematical expression lacks physical reality (dimensional presence), 
but does represent something objectively real, namely a radiation entity’s potential identity. 
Recognizing this changes the basis upon which quantum mechanics can be discussed.  
 
4.1 Collapse - 
 
 The instantaneous collapse of the wave function Ψ has posed a problem for many physicists and 
philosophers. Many theories have been advanced that deny or otherwise avoid any reference to 
collapse.50 Some of those who accept collapse identify that collapse with the wave function itself or with 
the observer and not with physical reality. In this view since collapse appears to be instantaneous and 
perhaps nonlocal, then it must be a change of our knowledge or of our consciousness. All of these 
strained interpretations are required because immaterial kinetic energy wave entities (de Broglie or 
electromagnetic) are denied a potential identity: an identity that is immaterial, occurring, instantly 
retractable and encodes probable crossover (release) of what is stored. 
 
As quantized entities, mass and energy store their opposite in a potential identity that 
progresses continuously on paths toward a discontinuous release. Collapse is essentially a 
conversion/release process: what is potential, continuous and progressing in a dimension (space for 
stored [relativistic] mass, time for stored energy) becomes the opposite, namely kinetic, discrete and 
extending.   
 
 We saw in Section 1.7 that the energy a material body stores progresses on time paths toward 
possible release. Similarly, the mass that radiation stores progresses on space paths toward possible 
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 Probably the most heroic, uncompromising and ontologically expensive denial of collapse is that of the many-
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release. In both cases the release of whatever is stored results in the immediate collapse of all remaining 
paths. Collapse is the disappearance of objective probability from all paths. 
 Assume the atom below stores energy it is about to release at some point in time as radiation 
(emission). If time path B (point B, below) is reached then all preceding time paths, including A, have 
dropped off successively. If the release comes at B then all future time paths, including path C, collapse. 
 
 
 
 For the single photon51 (above left) the pinhole acts as a point source so that space paths 
proceed from it as an expanding radiation hemisphere of space-continuous, potential (relativistic) mass. 
Each space path constitutes a set of space positions where stored mass might release if a material target 
is available (absorption). Assume positions D, E and F all feature tiny photon detectors (targets). If the 
hemisphere reaches position E then space position D received the expanding potential mass wave but 
probable termination was not realized. The target at space position D blocks potential mass from 
proceeding on space path D and so this path is no longer viable; the detector at D casts a shadow.52 If 
the photon terminates at space position E then all remaining space paths, including F, collapse 
immediately. 
 Space path collapse is regarded as inexplicable and unique to the wave function. But there is 
really no ontological difference between potential energy progressing on time paths toward probable 
release versus potential (relativistic) mass progressing on space paths toward probable release. Release 
from storage and path collapse is the same in both cases. Far too much is made of wave function 
collapse because it is thought to be unique. Collapse may be on time paths as well as on space paths. 
 
4.2 Wave Superposition –  
 
Superposition has been invoked to explain the idea that multiple instances can combine 
together (be superposed) and share in a larger identity. These multiple instances might be different 
waves, or different properties, or different states, or even different entities.  
 
Superposition as a phenomenon is grounded upon wave behavior. Water waves coming from 
any directions can superpose on one another without losing their own identity. The same is true of 
waves in mathematical space; in Hilbert (multi-dimensional) space, state vectors superpose on one 
another. If you have a high speed electron impinging upon a double slit (or lattice) you can write out the 
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 A speeding electron can be substituted for the photon. It too can diffract. 
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 Compare this with an interferometer where one arm contains an obstacle and the in-flight photon’s potential 
mass does not release (terminate) on that obstacle. The remainder of that arm (path) has been shadowed. 
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wave function for the electron’s interaction with (passage through) slit #1. You can then write out a 
second wave function for the electron’s interaction with slit #2. If you combine (superpose) the two 
wave functions you have a quantum description of the electron interacting with both slits and 
generating a pattern of minimum and maximum probable electron locations. The mathematics (akin to 
Fourier synthesis) of this combined wave function represents that which actually takes place: the 
electron’s de Broglie waves superposing on each other, creating differing amplitudes of waveform 
potential mass. Such waves have a dual significance; they are actual waves of potential (relativistic) mass 
(they do interfere/superpose) while they also constitute a probability factor of measurement realization. 
The superimposing of matter-medium (e.g., water) waves is common in classical physics, but 
superposition of waves of objective probability makes quantum mechanics unique. 
 
 Some properties of quantum objects lend themselves to a wave interpretation. An example 
would be the circular polarization of light. If light has simultaneous linear polarizations that are 
orthogonal to each other, and if one polarization is behind the other by one-quarter an oscillation 
period, then the combination of the two linear polarizations yields circular polarization with its angular 
momentum (spin). Linear waves superpose to create circular waves. This same argument can be 
extended to the de Broglie waves accompanying an electron. Electron spin then becomes a 
superposition of sub-spins. It is worth noting that angular momentum (spin) should be associated with 
waves (electromagnetic or de Broglie) of potential (relativistic) mass; angular momentum is not the 
rotation of rest-mass particles (the in-flight photon NOT being a particle). 
 Besides wave superposition in abstract space (the wave function), there is also wave 
superposition in real space. We have seen (Section 1.7) that electromagnetic waves feature path-
common kinetic oscillation and path-unique (dispersing) potential (relativistic) mass. Such waveform 
mass can be split into two paths and rendered out of phase (in an interferometer). If the two paths are 
then reunited their constructive and destructive interference constitutes a superposition of waves.  
 
 The superposition of waves and any properties they represent (including the probable release of 
what is stored) is straightforward, but the concept, one might say doctrine, of superposition has been 
extended to entities. And that is where it is on very shaky ground. 
 
4.2.1 Entity  Superposition  - 
 
In books or on the web it is easy to find discussions of superposition where the electron (or the 
photon as a particle) is said to be at different places at the same time. This is said to prove the 
strangeness of the quantum world.  
According to this view, when a speeding electron encounters a crystal lattice it replicates itself 
and goes through both apertures. When a photon enters an interferometer it too replicates itself and 
traverses both arms. Somehow duplicating electrons does not violate the conservation of mass and 
duplicating photons does not violate the conservation of energy. Photons and electrons somehow know 
when to replicate and the number of replications required: sometimes one copy, sometimes infinite 
copies. Nor do all replications have the same weight. A photon passing through a pinhole diffracts onto 
innumerable available paths of unequal probability. Do some paths have a diminished copy of the 
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original photon? How do you diminish a photon yet retain its frequency/energy? Collapse 
(measurement) of replicated photons or electrons is its own mystery. All copies must collapse to one 
instantly despite their spatial spread (nonlocality).  
This orthodox view of space superposition requires the multiplication of quantized entities – 
either existing (electrons) or occurring (photons) entities – to mimic the space spread (or division) of 
waves. This requires an entity behavior that can only be described as “magical.” The idea that 
superposition allowed existing entities to replicate themselves or allowed them to exist in opposing 
states spurred Schrödinger to put forth his famous thought experiment. 
 
4.3 Schrödinger Cat  - 
 
 Erwin Schrödinger’s cat is certainly the most famous argument against entity superposition. 
Schrödinger’s quantum trigger for his cat box is the decay of a radioactive atom. This atom and its wave 
function are presumed to be in a state of superposition, simultaneously both decayed and not-decayed. 
Can a state of superposition extend down a causal chain to yield a cat that is both dead and alive? And 
what does a “state of superposition” mean? 
 
Schrödinger was not happy with either the idea that the wave function was probabilistic nor 
that it represented our complete knowledge of the system to be measured. He found the distinction 
between the quantal state and the measuring apparatus to be arbitrary and he had no sympathy for the 
concept of superposition of states. He was able to incorporate these positions into his thought 
experiment to show that together they violated common sense. By concealing within a box the causal 
objects (trigger, hammer, poison) affecting the cat and by presenting the quantum object as our sole 
point of knowledge, he was able to extrapolate the superposition of quantum states to a cat being both 
dead and alive. One’s lack of knowledge of the concealed causal chain, including the cat, gets 
commingled with the probability knowledge of the quantum wave function and its superposed states.  
 
 Schrödinger’s radioactive atom has a kinetic identity and a potential identity. The kinetic, pre-
decay identity features rest mass and the atom’s potential identity features stored energy. It is the 
release of the latter which constitutes decay with its terrible consequences for the cat. Quantum theory 
can model such decay and quantify the relative probabilities of different time paths leading to decay.  
An example would be an oscillating alpha particle (two protons and two neutrons bound 
together by the strong force) held within the nucleus by a potential barrier. The wave function for the 
confined alpha particle yields a smeared probability density field for the particle’s position. A portion of 
this field will extend beyond the potential barrier (quantum tunneling). From this a probable particle 
release (decay) rate per hour or per day may be calculated. The Schrödinger equation may model the 
oscillation energy of a trapped particle, but that energy is space-confined by the nucleus and therefore 
constitutes stored (potential) energy. The derived probable decay value applies to the release of this 
stored (potential) energy. 
So the probability density derived from the Schrödinger equation is not characterizing the 
kinetic (rest mass) identity of the nucleus. The kinetic/unstored identity of the nucleus is its mass and its 
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presence in space (its spaceform) and these properties remain the same over time prior to decay (they 
are common to all the time paths followed). 
For material objects (atoms, nuclei, glass vials, cats) that exist and therefore progress over time 
paths, the kinetic (non-storage) identity defines the state of the entity. The kinetic/unstored identity of 
matter existing in space and common to all time paths is always determined (certain, unambiguous): an 
atom/nucleus is either decayed or not, a glass vial is intact or not and a cat is alive or not. 
 In contrast, the radioactive atom’s potential identity has stored energy following multiple, 
overlapping time paths toward possible release. Which time path leads to actual release is not merely 
unknown, it is intrinsically uncertain. Quantum probability and uncertainty only applies to the potential 
identity of the radioactive atom as it progresses on time paths. 
 The kinetic/unstored identity of the radioactive atom (its rest mass) is common to all 
progression paths in time. Hence this identity is determinate (decayed or not) in the 
progression dimension. 
 The atom’s potential identity – it stored energy – and its wave function descriptor are 
probabilistic in the progression dimension. 
 Schrödinger’s configured his cat box with an existing object (radioactive atom) whose 
indeterminate potential identity was progressing on multiple time paths. The distinction between a 
kinetic/unstored identity as common to all time paths versus a potential identity occupying (progressing 
on) successive time paths has been overlooked resulting in much confusion. The distinction becomes 
easier to understand when space paths rather than time paths are involved. Since ontology is 
symmetrical between mass and energy, between (space-occupying) existence and (time-occupying) 
occurrence, we can change our quantum “trigger” to be occurring radiation following multiple space 
paths. 
 
 Let our cat box be quite long and contain within it two arms of an interferometer as shown here. 
This box shall have an aperture which admits a single photon which is split by a beam splitter into paths 
A and B. At the end of path A is a photon detector which 
triggers the usual hammer release, vial breakage, gas release 
and cat death. The end of path B has no detector and the cat 
lives on. Once the photon enters the beam splitter some 
might argue that the photon is in a state of superposition; 
two instances of the same photon, one death-dealing and 
one life-sparing. Does this state now get projected onto the 
cat? 
 
 As with our radioactive atom/nucleus, the photon has 
two identities. The photon’s unstored identity has time-oscillating kinetic (electromagnetic) energy; the 
photon’s potential identity has a space-progressing potential (relativistic) mass wave. Whether the 
photon terminates on path A or on path B, the termination will have the full oscillation (energy) it had 
when entering the box. While the interferometer has two photon-traveling arms, it contains only one 
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photon at one frequency with one kinetic energy identity. It is the photon’s potential (relativistic) mass 
wave that bifurcates along the two space paths. 
 The photon as entity is quantized, oscillatory kinetic energy and it remains unitary; one photon 
goes in the interferometer and the same photon comes out regardless of path. The beam splitter does 
not split the photon’s kinetic/unstored identity (oscillation) since this is common/shared by all paths; 
rather it splits the photon’s potential mass wave53 thereby reducing this wave intensity on the two 
paths. As pointed out in Section 1.8, photon paths after a beam splitter have a reduced 
intensity/probability compared to the photon before the beam splitter. 
 The release of anything stored (mass or energy) is always probabilistic.54 Before release the 
quantity stored is merely a potential release event and as such it cannot by itself be causal; that is, 
before release it is latent and cannot affect the kinetic identity of any entity. But the release of what is 
stored does constitute (or yield) kinetic energy and such energy can affect other entities in a causal way. 
 
 The causal chain in our cat box consists only of kinetic identities: photon-as-oscillation, material 
detector, hammer, glass vial and cat. All of these kinetic identities must be present and functionally 
linked with the link between the photon and the detector being subject to chance (release of what is 
stored). None of these kinetic identities are in a mixed state; not the in-flight photon, not the detector 
or hammer or glass vial or cat. The beam splitter does not put the photon into a mixed state because the 
beam splitter does NOT split the kinetic (oscillation) identity of the photon. The photon’s oscillation and 
therefore its kinetic energy and kinetic identity are common to both paths, A and B. As long as the 
photon retains its kinetic energy the causal chain has not been triggered and the cat is most definitely 
alive. The cat is never in a mixed state (both dead and alive). Those who analyze the cat experiment 
invariably fail to distinguish between a photon’s kinetic and potential identities; nature is more subtle 
than to grant but a single identity to entities.  
 
 Schrödinger used a radioactive nucleus subject to probable decay as a trigger. This made it 
appear as if the wave function Ψ of the confined but oscillating alpha particle applied to the kinetic 
identity of the nucleus. This is to conflate the un-decayed existence of the nucleus with its potential for 
(probability of) decay as time passes; the former is a kinetic/unstored identity while the latter is a 
potential/stored identity. Using a single photon and a beam splitter as a trigger mechanism makes it 
clear that:  1) potential identity (stored mass) can be split as separate waves while an entity’s kinetic 
identity (oscillation) remains intact; 2) causal chains within our cat boxes only involve kinetic/unstored 
energy acting on kinetic/unstored identities. 
 
 One argument made supporting superposition of states goes as follows. A nucleus has 
concurrent, superposed wave functions describing both decayed and undecayed states; hence the 
nucleus occupies two states, decayed and undecayed, and by extension the cat is both dead and alive. 
                                                          
53
 The waveform photon, like all entities, resides/extends in one dimension as unstored while progressing in the 
other dimension as stored. The photon’s kinetic/unstored identity (oscillation) resides in time while its potential 
identity (relativistic mass) progresses in space, hence the waveform.   
54
 Release is quantized-discrete. It cannot be smooth and continuous because release crosses ontological divides of 
category (existence, occurrence) and form (spaceform, waveform). 
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Once again this is making probability calculations based on what an entity stores (its potential identity), 
dividing those probabilities into decayed and undecayed and then wrongly applying both states to the 
entity’s kinetic/unstored identity. 
 
 Periodically researchers announce a so-called “cat state”: some material object that is in two 
opposing states at the same time. Typically this is achieved via laser cooling down to the nanokelvin 
range.55 This is a tip off that what they have achieved is bound, correlated objects whose shared 
properties are not defined individually until measured (decohered). This is a case of particles bound 
(entangled) with other particles via shared de Broglie waves; such particles cohere via their wave 
identity and so the defined states one expects particles to have are instead indeterminate or belong to 
the group. This situation was examined in Section 3.2. 
 It is true that while properties (dead versus alive) are clearly defined in the classical world, that 
is not always the case in the quantum world. But that does not justify drawing any profound conclusions 
about reality. There are specific causes for the difference between quantum properties and classical 
properties. Quantum objects with “fuzzy” or opposing or undefined properties: 1) may be entangled 
with other objects so that properties belong to the ensemble; 2) may have lost so much internal (stored) 
energy (are so “cold”) that they cease to resemble matter. And we can’t expect mixed form entities to 
behave like pure form (material) entities. As pointed out at the end of Section 2.5, “the ontological 
divisions we find in reality are not rigidly enforced…” when occurring, energy waveform dominates 
existing, mass spaceform. 
 
  
                                                          
55
 For example: “Macro-Weirdness: ‘Quantum Microphone’ Puts Naked-Eye Object in 2 Places at Once,” Scientific 
American, March 2010,  https://www.scientificamerican.com/article/quantum-microphone/. Also: 
http://www.quantumsciencephilippines.com/seminar/seminar-topics/SchrodingerCatAtom.pdf. The reader may 
also look up:  “superconducting quantum interference device” (“SQUID”). 
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Section V Realism versus Anti-realism 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.0 Classification and Physics - 
 
 Broadly speaking, scientific realists believe that man can understand and to some extent model 
physical reality (representationalism); anti-realists deny this. Realism versus anti-realism is a bit like 
religion versus atheism: you instinctually believe in one or the other and then you look around for 
arguments to support your position. None of the comments that follow will convert an anti-realist, but 
they may have some value to realists and fence-sitters.  
 
Philosophers of science have used quantum mechanics in defining the nature of reality and 
man’s ability to know it. Many philosophers adopt an anti-realist position and find that chance replaces 
causality, that properties are indefinite until an observer defines them, and that realism and modeling 
fail us completely. They argue that wave particle dualism, indeterminacy, nonlocality and wave function 
collapse have destroyed all claims of classical physics to anything but approximation rules for large scale 
objects. Their arguments are invariably based upon reductionism. 
 
5.1 Reductionism – 
 
 When using quantum physics to support their position, anti-realists are prone to argue that all 
physical reality (they usually mean material reality and ignore radiation) is dependent upon quantum 
mechanics. As J. A. Wheeler writes: “There is not a single sight, not a single sound, not a single sense 
impression which does not derive in the last analysis from one or more elementary quantum 
phenomena.”56 The “ultimate laws of nature” therefore operate at the very bottom of the hierarchy of 
being. Wheeler is advocating ontological reductionism, the position that entities at a certain level can 
                                                          
56
 “Hermann Weyl and the Unity of Knowledge”  http://www.weylmann.com/wheeler.pdf . See section on 
“Machinery, law, quantum.” p. 9. 
These pages have looked at physics in a new way. Mass and energy have been given 
full ontological equality. Kinetic energy has been promoted from a quantity to an entity. The 
importance of entity form has been stressed. Entities have been classified as pure entities 
(single form) and as dual entities (mixed forms). 
 
Matter can exist alone with a form. Radiation is kinetic energy that occurs alone with 
a different form. Matter and radiation combine as a moving body that has both forms.  
 
How does all of this affect the traditional debate regarding our knowledge of reality? 
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only be understood as collections or combinations of simpler entities at even lower levels. The 
implication here is that only quantum physics can deal with the lowest level of reality and so quantum 
physics alone can provide us with the most fundamental truths. 
 Reductionism certainly has characterized the progress of modern physics in the course of ever-
finer analysis: first came classical physics (large bodies), atomic physics, then nuclear physics and finally 
particle physics. Particles themselves have become so sub-divided that some physicists find it hard to 
categorize them and no longer speak of “elementary” particles. The default, the prevailing, the universal 
assumption has been that this reductionism reveals the ultimate basis of physical reality; it reveals the 
foundation upon which everything else is based. The irony in all this is that as analysis has proceeded 
downward from bulk, solid matter to ever-finer constituents – to atoms, to electrons, to quarks, to the 
Higgs field – our familiar world has disappeared. Stable, inert material bodies that exist in space give 
way to occurring quasi-particles smeared in space that reflect uncertainty and obey the probabilities of 
the wave function Ψ and/or constitute the ripples in a presumed field. 
 
5.2 Emergent Properties  - 
 
Ontological reductionism has in place in scientific inquiry but it needs to be balanced by 
recognition that properties can emerge from the whole and not from the parts. Temperature 
characterizes a gas but not the momentum exchange of gas molecules. Saltiness characterizes sodium 
chloride, but not sodium nor chlorine. Computers that learn and the human mind obey a logic that 
defies reduction to transistors and neurons. More germane to these pages is the emergence of solid, 
stable, existing, spaceform matter from tiny particles that seem to have none of these characteristics. 
 
 Consider an individual atom in terms of its energies and forms. Electrons possess kinetic energy 
of motion and exhibit the waveform. Protons and neutrons in the nucleus have their own kinetic 
energies and waveforms as well. In addition, atoms (and molecules) have their own rotational and 
oscillatory energies. All of this seems far removed from spaceform existence; the individual atom seems 
dominated by waveform and occurrence. 
And yet atoms are stable entities over time because in addition to kinetic energy they have 
stored (potential) energy, both in their nuclei and in their electron shells. And they can share this stored 
energy by combining with other atoms into larger structures. Once integrated into a larger structure, 
electron motion constitutes static binding energy with neighboring atoms. Similarly, the kinetic energy 
of rotation and oscillation at the atomic level becomes the stored, thermal energy of the larger 
structure. And finally the spatial discreteness of atoms gets blended into the spatial continuity of 
interconnected atoms and molecules. What is discrete, occurring waveform and kinetic energy at the 
lowest level becomes continuous, existing spaceform and potential energy only a few levels up. It is a 
change of form (waveform to spaceform), of category (occurrence to existence) and of space extension 
(discrete to continuous). The term “matter” (or its cognates, rest mass, inertial mass) as used in these 
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pages refers to the holistic union of subatomic particles, forces and potential energies that create solid, 
existing, spaceform material objects.57 
 
 A boulder and an electron both have rest mass but they do not resemble each other or behave 
in the same way. The reductionist dismisses this dissimilarity and argues that the properties of the 
boulder are derivative and it is the electron (smaller being more fundamental) that is closer to what 
constitutes material reality. Large objects, the reductionist argues, mask the underlying reality; only the 
smallest constituents reveal what is fundamental, namely uncertainty and the wave equation. Hence the 
wave equation applies to the boulder just as it does to the electron. The rationale for this position 
seems to go as follows.  
 
Energy, including kinetic energy, is merely a quantity and adding or subtracting it from rest mass 
doesn’t change anything [hint: big mistake #1]. Heisenberg’s uncertainty relation applies to all 
rest mass objects whether those objects have kinetic energy or not [mistake #2].58 From this it 
follows that the uncertainty relation and the wave function Ψ apply to the space-stationary 
boulder just as they do to the energetic electron; it is the massive scale of the boulder that hides 
its essential wave nature from us [final mistake].  
 
This train of thought with it impeccable logic and its flawed assumptions leads otherwise perfectly sane 
physicists and philosophers to argue that the space-stationary boulder is subject to position-momentum 
uncertainty and the wave function applies to our measuring instrument and even to the universe itself.59 
Any ontological distinction between energetic, subatomic, mixed-form particles and the quiescent, pure-
form boulder is lost; after all, kinetic energy is, by this view, merely a quantity and not an entity with a 
form. 
 
 These pages have argued differently. Mass objects in motion (translational, vibrational, 
rotational motion) are a union of two entities, the rest mass entity that exists with its spaceform and the 
conjoined kinetic energy (radiation) entity that occurs with its (de Broglie) waveform. The boulder and 
the electron may both have rest mass but they are ontologically completely different; the space-
stationary boulder is a pure (mass) entity, the electron is a dual entity (an existing mass entity joined 
with an occurring energy entity: matter joined with radiation) with mixed forms. A mixed-form entity 
(electron) is not more fundamental than a pure-form entity (space-stationary boulder); indeed one may 
argue the reverse.  
                                                          
57
 Ontologically, matter is kinetic/unstored mass plus potential energy. Just as EM radiation is kinetic/unstored 
energy and potential (relativistic) mass. 
58
 Uncertainty is a result of rest mass spaceform joined together with kinetic energy waveform; if one of these is 
precise, the other cannot be; forms are precise if they are not blended with their opposite. Wave-particle duality 
for electrons is a consequence of both spaceform and waveform being present. It and uncertainty are essentially 
the same, see: https://phys.org/news/2014-12-quantum-physics-complicated.html . 
59
 Steven Weinberg: “Physicists and their apparatus must be governed by the same quantum mechanical rules that 
govern everything else in the universe. But these rules are expressed in terms of a wavefunction…”, Physics Today 
(2005); subsection "Contra quantum mechanics" http://physicstoday.scitation.org/doi/full/10.1063/1.2155755.  
Hugh Everett and others posit a universal wave function: https://en.wikipedia.org/wiki/Universal_wavefunction  
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 The devotion to the wave function and the desire to make it universal are understandable. In 
the late 1920s the wave function succeeded in explaining atomic phenomena whereas classical 
mechanics had failed to do so. Not only was the new wave mechanics very successful, it seemed more 
fundamental since it governed the behavior of matter at the “lowest” level. But elevating wave 
mechanics over classical mechanics creates two further problems: how does classical mechanics emerge 
from wave mechanics and what separates one from the other. No good answers emerged for those two 
questions because on one was taking the equality of mass and energy seriously. 
 
 Section I pointed out that ultimately physics studies entities of three types. Not surprisingly, 
each type, in broad outlines, has its own form and its own physics. Pure mass entities (inertial matter) 
have the spaceform and obey classical physics. Pure (radiation) entities have the waveform and obey 
classical electrodynamics (Maxwell’s equations). Mixed-form entities obey wave mechanics providing 
the radiation (kinetic energy) entity is significant relative to the rest mass entity (i.e., typically if the rest 
mass is tiny). There are a few necessary qualifications. 
 Classical physics is perfectly valid for material media above the quanta level. Material media 
phenomena for a local (inertial) observer include: statics (distribution of forces), stress/strain (Hooke’s 
law) and hosted waves (sound waves, water waves, etc.). If the medium itself is uniform then the 
equations are straightforward; otherwise they are the sum of local calculations. Classical mechanics 
(moving bodies) is very good (not perfect) for matter-in-motion providing velocity is low and rest mass is 
large (i.e., providing the rest mass entity with its spaceform dominates the energy [radiation] entity with 
its waveform). 
 Classical electrodynamics is perfectly valid for radiation above the level of quanta (i.e., above 
the level of charges at small distances and low field strengths where QED instead becomes valid). This 
limitation is similar to the case for material media; as mentioned, the latter also diverges from classical 
behavior at the quantum (mixed form) level (e.g., condensed matter physics is non-classical). 
 Putting aside quibbles about the purity of form for electrodynamics or massy bodies at low 
velocities, in general classical physics applies to pure form entities. It is wave mechanics that absolutely 
depends upon a lack of purity of form and that is beyond dispute: wave mechanics cannot be used for 
pure form entities, namely EM radiation or a boulder with zero momentum.60 Wave mechanics and 
Heisenberg uncertainty require the joining of matter (rest mass) and radiation (kinetic energy); remove 
the rest mass or remove the kinetic energy and wave mechanics and uncertainty no longer apply. Those 
who insist that the wave function Ψ applies to human scale material objects – where it is undetectable – 
are making an expression of faith based on an uncritical acceptance of reductionism. 
 
Wave mechanics uses particle energy (the Hamiltonian) to operate on a presumed wave 
function to determine probable solutions for the space and time evolution of the particle. This is to 
combine ontological opposites via mathematics: a space-continuous wave “determining” the location of 
a space-discrete particle. The wave can evolve deterministically but it can never yield precise results 
(solutions) for particle location. That is the price one pays when tracking objects (e.g., electrons) that 
                                                          
60
 Dirac produced a wave equation for relativistic particles; when applied to zero mass photons you get Maxwell’s 
equations. 
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combine a rest mass entity (whose location-extension dimension is space) with a kinetic energy 
(radiation/wave) entity (whose location-extension dimension is time). This is the underlying (ontological) 
source of non-commuting operators. 
Of course, quantum physics is broader than wave mechanics and includes the quantum alphabet 
sub-specialties of QED, QCD and QFT. These specialties, especially the first two, cover particle 
interactions and forces which do not qualify as entities. But all three touch upon the non-classical 
conversion of mass to energy or energy to mass: particles that disintegrate to radiation like the muon, or 
radiation quanta that can momentarily create a particle - anti-particle pair (quantum fluctuation). 
Classical physics expects its (pure) entities to be stable and to respect the mass-existence, energy-
occurrence divide. Quantum physics is a microworld where mass and energy, existence and occurrence 
blend together (mixed forms) and change their identities randomly.  
 
 The question posed above as to what separates classical physics from quantum physics has been 
a source of controversy for about a century. As noted, the temptation to regard wave mechanics as 
foundational (the “queen of physics”) has proved irresistible for most (Wheeler quote, Weinberg quote 
above). But that is too simplistic; nature, as Einstein might say, is more subtle than that.  
Size does not distinguish quantum behavior from classical behavior. Superconductors and Bose–
Einstein condensates are quantum phenomena that can reside in the macroworld. Even massive objects 
can exhibit non-classical behavior. The key is for the object’s kinetic energy waveform identity to 
become significant relative to its rest mass spaceform identity. This happens to objects of any size – 
electrons, meter sticks, space ships – that approach the speed of light relative to some observer. The 
result is space contraction (and time dilation) as seen by the stationary observer because the waveform 
(radiation) identity of the object now dominates its rest mass spaceform identity (see Appendix A). 
 
Classical physics applies to stable pure form entities and quantum physics applies to mixed form 
entities that may not be stable. Quantum physics covers that small, unique region where spaceform rest 
mass is still present but has lost most of its features (defined space location, defined properties [e.g., 
spin], spaceform and existence) to waveform energy. 
 
 Quantum mechanics does not tell us what ultimate reality is like; as a science it is valid for 
that very limited transition region where mass is losing its soul to energy. Physical reality is 
much broader than this transition region. 
 
 It is a serious mistake to search for, and enunciate, fundamental truths about physics and 
reality on the basis of mixed-form entities. 
 
5.3 The End of Matter – 
 
Einstein didn’t care for quantum mechanics. Despite his misleading dictum “God does not play 
dice”, Einstein’s real objection to quantum mechanics was our supposed inability, to measure and 
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understand reality without our influencing or determining it. In contrast to the easy assumption of Bohr, 
Heisenberg and Wheeler that measurement determined reality,61 Einstein wrote that "The sore point 
[Der wunde Punkt] lies less in the renunciation of causality than in the renunciation of a reality thought 
of as independent of observation."62 Unfortunately Einstein, like everybody else, accepted the 
reductionist argument that ultimate laws were to be found where matter was the smallest and it was 
quantum mechanics that defined the rules for “the end of matter.” And so Einstein’s only recourse was 
to claim that quantum mechanics was “incomplete.”  There is a profound lesson here. The moment the 
scientific realist concedes that the end of matter reveals universal truths, then the game is lost.  
 
 
  
                                                          
61
 Wheeler: "…useful as it is...to say that the world exists 'out there' independent of us, that view can no longer be 
upheld. There is a strange sense in which this is a 'participatory universe.’" Law without Law,  https://what-
buddha-said.net/library/pdfs/wheeler_law_without_law.pdf , p. 194. 
62
 Letter of Einstein to Georg Jaffe, 19 January 1954. Quoted in: Einstein from 'B' to 'Z' -  John Stachel (Birkhäuser, 
2002). 
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APPENDIX A 
 
Space Contraction & Time Dilation63 
 
 
This appendix assumes the reader has read and understood sections 1.0 - 1.3 and 2.3 - 2.6 above. 
 
 
 Space contraction and time dilation of material objects at velocities close to that of light have 
received various explanations over the years. None of the commentators on this subject have connected 
contraction and dilation with the kinetic energy of the object relative to the observer. For these 
commentators energy is merely a formless quantity that does not change an object; and de Broglie’s 
wave ideas merely apply to atoms and sub-atomic particles. 
 What follows below argues that space contraction and time dilation are two more examples of 
the non-classical behavior (see Section V) of objects that become mixed-form entities when relativistic 
mass with its waveform takes precedence over rest mass with its spaceform.64  
 
1.0 Kinetic Energy Domination - 
 
 When matter is in motion relative to some observer it constitutes, for that observer, a dual 
entity, a union of the rest mass entity plus the radiation (kinetic energy) entity (see Sections 2.4, 2.5 
above). Rest mass (aka, kinetic/unstored mass) never changes in quantity regardless of its velocity. But 
its ontological opposite, kinetic energy, depends upon relative velocity and kinetic energy and velocity 
increase together. With m0 as constant rest mass, the general (relativistic) expression for kinetic energy 
of motion is: KE = m0c
2(                             . The kinetic energy of matter-in-motion increases 
approximately with the square of velocity ( 
 
 
mv2 ) until the velocity exceeds half the speed of light at 
which point kinetic energy starts to increase more rapidly and finally increases without limit. Because 
rest mass is constant while kinetic energy is not, a moving matter of any rest mass (electron, space ship, 
                                                          
63
 This section constitutes a shorter version of the author’s: “Minkowski and Special Relativity: Does His Spacetime 
Geometry Explain Space Contraction?” https://arxiv.org/abs/1602.02829 
64
 “Spaceform” and waveform, ontological opposites, were defined in Section I, 1.0. Spaceform refers to the 
extension that matter has (“occupies”) in space: a volume of certain regular or irregular dimensions. 
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earth) may objectively exhibit – for any observer at extreme velocity – a domination of its rest mass 
(spaceform) entity by its radiation kinetic energy (waveform) entity. 
 With sufficient velocity relative to an observer, rest mass of any size or magnitude will be 
dominated by its relative kinetic energy. 
1.2 De Broglie Waves and Kinetic Energy  - 
 
 Speeding particles reveal their wave behavior through the diffraction effects they exhibit. But 
the greater the mass of these particles the greater their momentum and momentum p and wavelength 
λ are inversely proportional, p = h/λ. Objects with higher mass have higher de Broglie frequencies and 
wavelengths become smaller; eventually diffraction becomes undetectable. But kinetic energy is always 
transmitted through space by the oscillation of radiation, whether that radiation is de Broglie or 
electromagnetic in character (Sections 2.3 - 2.6 above). It follows that higher de Broglie frequencies 
mean that more kinetic energy is being transmitted, even if those frequencies are hard or impossible to 
detect. De Broglie oscillation waves are always present for moving bodies in motion. Unfortunately, de 
Broglie waves and diffraction effects have become so closely linked in the minds of physicists that wave 
effects exclusive of diffraction are completely overlooked. 
 
1.3 Space Contraction and Time Dilation - 
 
 Pure entities (inertial mass, photons) extend in one dimension where they are stationary and 
progress at the maximum rate in the other dimension (Section I above). Dual entities (moving bodies) 
blend our two pure entities and their extension and progression characteristics. 
 Entities are characterized by a form (waveform or spaceform) and a category (existence or 
occurrence). The rest mass entity has the spaceform which means its extension dimension is space. 
Since it exists its progression dimension is time (a mass exists over time). The radiation entity, in this 
case de Broglie radiation, depends upon occurrence (oscillation) and so its extension dimension is time; 
its progression dimension is space. The presence of differing forms and differing categories in the 
moving entity creates a mixed form and a mixed category: waveform plus spaceform, existing plus 
occurring. 
 
 Reduced to essentials, we have the following: 
 Mass and energy are ontologically equal (E = mc2); therefore kinetic/unstored energy as 
oscillatory radiation is an occurring entity with a form just as kinetic/unstored mass (rest 
mass) is an existing entity with a form. 
 Matter-in-motion is ontologically different from space-stationary matter because matter-in-
motion comprises two distinct entities and therefore has a mixed form. 
 Space and time measures for mixed-form objects will reflect the balance between spaceform 
which occupies (extends in) space and waveform which occupies (extends in) time. This 
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applies to electrons where the waveform can be measured and to moving spaceships where 
the waveform cannot be measured. 
A rest mass entity exists and therefore has time as it progression dimension. But radiation as an 
entity (electromagnetic or de Broglie) has zero time progression.65 Matter-in-motion combines the mass 
entity with the (radiation) energy entity which is to combine the time progression of mass with the 
absence of time progression of radiation. The result, as seen by an at-rest observer, is a slower (dilated) 
time measure/progression for the blended entity: rest mass entity plus radiation entity. Time dilation for 
the existing rest mass becomes evident near the velocity of light when matter-in-motion is dominated 
by the waveform and the occurring nature of the radiation entity.66 
Similarly, rest mass as an existing spaceform has extension in space. But kinetic energy as a pure 
(radiation) entity has no extension in space. Radiation does not “occupy” space; instead radiation 
entities progress in space and their quanta (wave cycles) superpose there.67 Joining kinetic energy with 
rest mass produces a mixed-form object; one form occupies space and the other does not. This results in 
a contraction for the space extension of the rest mass as measured by an at-rest observer. Of course, 
this contraction only becomes significant when the object approaches the velocity of light. 
 In sum, matter-in-motion is the union of two opposing entities with two opposing 
forms (waveform, spaceform) that employ space and time differently for extension 
and progression. 
 
1.4 Velocity and Spacetime as Explanations - 
 
Physicists have often focused on velocity rather than upon kinetic energy to explain space 
contraction and time dilation. Lorentz concluded that velocity through the stationary aether must be the 
cause of dimensional warpage. This constitutes dynamic warpage; material objects are subjected to 
stress and strain as they pass through the aether. Unfortunately the aether was undetectable and this 
position gradually lost favor. 
Minkowski adopted a geometrical viewpoint and showed that while observers at different 
velocities measure different space and time intervals between events, all observers measure the same 
spacetime interval between events. With German professorial certitude he then announced that reality 
resides with unified spacetime and separate space and time measures were illusions “doomed to fade 
away into mere shadows.” Minkowski’s view of dimensional warpage is kinematical; such warpage 
                                                          
65
 Electromagnetic radiation is time-stationary so we may assume that individual de Broglie waves are the same. In 
the limit of a vanishingly small rest mass at almost the velocity of light, de Broglie radiation would consist of a 
single frequency with precision of energy and total uncertainty of mass location; exactly the model of time-
stationary light. 
66
 We attribute time dilation to the rest mass alone because this is the time-advancing component. The reader 
might wonder why the rest mass cannot retain its own, “intrinsic” time rate. But a moving mass cannot have two 
different progression rates in time (or in space!). 
67
 If entities occupy space (e.g., mass particles) they cannot superpose (occupy the same space); space extension 
prevents superposing. But waves of any kind don’t extend in space so they superpose there. 
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disappears with a change of coordinates. But, like the aether, spacetime can never be known directly 
since human observers can only access separate space and separate time. 
Both of these positions depended upon something unseen and undetectable, either the aether 
or spacetime. No one looked at kinetic energy as a cause because it was regarded as merely a formless 
quantity that could be freely added to rest mass without affecting the latter. They looked for 
explanations in all the wrong places: they did not take the equality of mass and energy seriously. 
 
The warpage (space contraction, time dilation) of a moving object is a natural consequence of 
that object possessing two distinct entities yielding a blended form. Whatever form dominates a moving 
object will determine the nature of extension (in space) and progression (in time). All of this is true 
regardless of the mass of the speeding object. At velocities close to the speed of light the radiation 
(kinetic energy) entity and its waveform will dominate the rest mass entity and its spaceform for 
whatever object is moving: an electron, a meter stick or a planet. With that in mind let’s look at two 
observers who disagree about muon lifetime.  
 
2.0 Muon case study 
 
Muons are short-lived particles of small mass created by cosmic rays interacting with the earth’s 
upper atmosphere. These particles have a half-life of less than 2 microseconds and travel very close to 
the speed of light. Even with their great speed they require over 100 half-lives to reach the surface of 
the earth which suggests that none of them do. Yet that is not the case because time has apparently 
slowed down for them. However, an observer accompanying a muon does not experience any change in 
the progression of time. 
For an observer on the earth the muon is mostly kinetic energy occurrence due to its extreme 
velocity and consequent de Broglie waveform oscillation. Recall that a radiation entity (e.g., the photon) 
occupies time, where it extends,68 while progressing in space. Accordingly, the muon, as near-wave and 
mostly kinetic energy for the earth observer, has minimal time progression because its tiny space-
progressing rest mass entity is dominated by the kinetic energy (radiation) entity and a radiation entity 
is time-stationary. So the earth observer measures a drastic slow down of time for the muon as wave-
dominated dual entity. Of course, an observer accompanying the muon is only presented with the 
muon’s rest mass and measures “proper” (fast) time for the muon’s disintegration. 
The observer within the muon’s inertial system finds the earth approaching at close to the 
speed of light; the earth is now the matter-in-motion and possessor of kinetic energy and not the muon. 
Since the relative velocity remains the same, the dominance of the kinetic energy (radiation) entity over 
the rest mass entity still holds, this time for the earth. For the muon, the earth now consists of two very 
unequal, joined entities with the kinetic energy (radiation) entity being dominant. The earth’s extension 
in space as rest mass entity is now compromised by the kinetic energy (radiation) entity’s zero extension 
in space. The spatial extension of the earth and its atmosphere is contracted as measured by the muon 
observer. This observer finds the muon’s lifetime to be normal but decides that the surface of the earth 
                                                          
68
 An entity extends in the dimension wherein it is stationary: time for radiation, space for rest mass. 
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can be reached because the distance the muon must travel after birth is much less than the earth 
observer claims. 
 
For the earth observer the space the muon travels is local. That is, the earth observer regards 
the muon as traveling within the earth inertial system which includes the earth’s atmosphere. But for 
the muon observer time lapsed is local (the muon has the disintegration “clock”). Each of them finds the 
non-local dimension “warped”: the muon observer sees a contracted earth’s atmosphere; the earth 
observer sees a slow muon clock. This is because they are confronted with a near-wave, near-occurring 
dual entity approaching them.  
 
3.0 Conclusion - 
 
Space contraction and time dilation were in need of an explanation after 1905 when opinion 
turned against the idea of the aether. Making space and time into an agent of change (Minkowski) for 
material objects was an easy leap to make but it was a misstep. Rather it is the material meter sticks and 
clocks themselves that undergo the change. This change is objective and measurable for the at-rest 
observer because kinetic energy radiation is physically real for that observer; yet the change is also 
relative since it is only true for that observer. Different inertial observers may divide spacetime 
differently (Minkowski) but that is not causal; different observers are actually measuring different 
objects that have different blends of rest mass entity with radiation entity. This follows from granting 
kinetic-energy-as-radiation ontological equality with rest mass.  
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APPENDIX B 
 
Wheeler and Feynman and Photon Paths 
 
 John Archibald Wheeler (1911 - 2008) and his student Richard Feynman (1918 - 1988) were both 
brilliant physicists. They were, as we all are, a product of their times and they and all their 
contemporaries shared some misconceptions about photons and photon paths. We should celebrate 
the great things these men did, but we can also learn from the missteps they made. 
 
When both men considered situations where a photon could divide into two or more paths, 
they faced the problem of how and when could a photon split (or not) and yet retain undiminished 
energy. They thought of the photon as single and unitary so explaining a division of paths but not a 
division of energy posed quite a challenge. 
 
1.0 Wheeler 
 
Wheeler’s delayed choice thought experiment69 has generated a huge literature and several 
attempts to carry it out in practice. When a photon encounters a physical object (beam splitter) that 
generates two paths for the photon, one has two choices for observing results. One may place detectors 
on both paths and determine the route the photon-as-particle chose; or one may allow the photon-as-
wave to follow both paths unimpeded and recombine the two waves to create wave interference. 
Wheeler suggests that at the point of division (beam splitter) the photon chooses either the particle 
identity (follow but one path) or the wave identity (follow both paths). And yet Wheeler argues it is the 
observer who has the ability to measure (receive) an identity (a path) after the photon has made its 
“choice.” This implies retrocausality: the beam splitter’s choice gets determined by the subsequent 
observation choice. This led Wheeler to claim that “we…have an inescapable, an irretrievable, an 
unavoidable influence on what we have the right to say about what we call the past.”70 
An analysis of a photon traversing beam splitter paths has already been provided in Section 1.8 
(“Wave-Particle Duality”) and won’t be repeated here. 
 
2.0 Feynman 
 
                                                          
69
 J.A. Wheeler, “The ‘past’ and the ‘delayed-choice’ double-slit experiment,” in Mathematical Foundations of 
Quantum Theory, ed. A.R. Marlow (Academic Press, New York,1978) , 9–48. For a summary see 
https://en.wikipedia.org/wiki/Wheeler%27s_delayed_choice_experiment#Cosmic_interferometer  
70
 Wheeler, “Hermann Weyl and the Unity of Knowledge”:  http://www.weylmann.com/wheeler.pdf  p. 6. 
Wheeler softened his position elsewhere. See https://arxiv.org/pdf/0706.2596.pdf  
Klevgard    61 
 
In the early 1980s Richard Feynman gave a series of lectures that he turned into a short book: 
QED: The Strange Theory of Light and Matter.71 In the first chapter Feynman sets out to examine the 
topic of the partial reflection of photons at the surface of a pane of glass: how many photons proceed 
through the glass versus how many are reflected by the glass surface back toward the source. 
First off, Feynman informs us very definitely that photons are particles and not waves because 
photon detectors never receive reduced-energy photons when the light intensity is reduced. He writes 
that “…light is something like raindrops…and if the light is all one color, all the “raindrops” are the same 
size.72 By “size” he surely means energy and on the next page we are told that there is “no splitting of 
light into half particles.” 
The specific problem Feynman wishes to examine concerns the fact that for every 100 photons 
arriving at a glass plate, 96 will pass through the glass and 4 will reflect back to the source. He eschews 
explanation of this and is really only interested in calculating the probability of photon reflection via his 
most-cherished path integral formulation of quantum mechanics. He assumes (incorrectly) that the 
photon makes an irrevocable choice, reflect or transmit, at the surface of the glass and not at 
subsequent photon termination (reception). He writes: “I am not going to explain how the photons 
actually “decide” whether to bounce back or go through; that is not known. (Probably the question has 
no meaning.)”73 
 
3.0 Both Men 
 
 When Wheeler and Feynman analyze a situation where a photon must choose one of two paths 
they get into trouble by misunderstanding path-splitting. They are not alone in this. 
 
 Feynman rejects any wave properties for his photons striking a glass surface; hence his particle 
photon must choose a path at that point: either progress through the glass or reflect off it. Since all 
photons are identical, it is a mystery as to why always 4 percent of them reflect while the remainder 
transmit. 
We have seen (Section I) that the photon is a wave whose potential (probabilistic) identity, 
namely potential (relativistic) mass, follows all available space paths. The photon doesn’t make a 
decision as to which path to take at the glass surface because its potential (wave) identity takes both 
paths with unequal intensities. A reduced (4%) intensity wave is reflected and a stronger (96%) intensity 
wave is transmitted. 
Assume that each path contains a photon detector. Since there is but one photon (one action 
quantum), then reception at one detector means the detector on the other path cannot receive the 
photon. The potential (relativistic) mass wave that is split on both paths collapses (retracts) because that 
stored mass has found a point of release (crossover). Only one detector can receive each photon despite 
the photon potential identity following two paths; 96% of the time the detector which receives the 
photon’s kinetic energy lies on the transmitted path. The choice of termination location, transmitted 
                                                          
71
 Princeton University Press, 1985. 
72
 Feynman, p. 14. 
73
 Ibid, p. 24. 
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versus reflected, for a specific photon is only made at termination. And this choice for an individual 
photon is totally by chance, although the collective distribution of terminations (receptions) will 
conform to the differing path intensities. Feynman regrets (p. 24) that he has no good causal model and 
can only offer probability calculations. Trapped by a naïve view of the photon as a particle with a single 
identity, Feynman is compelled to assign the inexplicable path selection to the surface of the glass. Had 
he granted the photon a wave nature then he might have recognized that splitting photon paths only 
determines relative wave intensities. 
 
 Unlike Feynman, Wheeler admits the photon can act like a wave and follow two paths 
simultaneously. But he recognizes that detectors on each path will only receive one undiminished 
photon which is contrary to what is expected from a beam splitter. This leads him to conclude that the 
photon makes a “choice” at the beam splitter that can be reversed (retrocausally) by the way that the 
observer chooses to measure. This has two advantages for Wheeler. First, he enjoyed throwing out 
semi-outrageous positions to the physics community to test their mettle.74 Second, it aligned him with 
his Danish mentor who argued that one must use particle and wave models whenever experimental 
results required them (i.e., whenever convenient). 
 
 Both men were unaware that the occurring photon entity has two identities, kinetic and 
potential, just as the existing material entity has two identities. It is the photon’s kinetic (oscillation) 
identity that remains unitary regardless of the space paths taken by the photon’s potential identity. A 
photon’s kinetic energy (oscillation frequency) is common to all space-separated observers just as a 
material object’s kinetic/unstored rest mass is common to all time-separated observers.  
 
There is no such thing as retrocausality and this has been ably pointed out by David Ellerman.75 
He notes that the “entrance to the separation apparatus” does not constitute a collapse to an 
eigenstate. Whereas he argues that a beam splitter puts a photon into a state of (multi-path) 
superposition, these pages have not favored that concept. It is the photon’s potential identity (potential 
[relativistic] mass) that follows multiple paths as objective probability; it is the photon‘s kinetic identity 
(frequency) that remains singular and undiminished. 
 
 
 
  
                                                          
74
 This may be why he toyed for a time with the “Many Worlds” theory of his student, Hugh Everett, even sending 
Everett to Copenhagen to see how Bohr would react (not well it turned out…).  
75
 David Ellerman, “Why delayed choice experiments do Not imply retrocausality” http://www.ellerman.org/wp-
content/uploads/2015/01/OnLineFirstReprint.pdf  
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Appendix C 
Formal Attributes of Mass and Radiation as Entities 
[Return to Section 1.6] 
• Quantized.
• Discrete in space (particle).
• Pure mass.
• Stationary in space.
• Progresses in time. 
• Extends in space.
• Spaceform.
• Stores energy. 
• Quantized.
• Discrete in time (cycle).
• Pure energy.
• Stationary in time.
• Progresses in space.
• Extends in time.
• Waveform.
• Stores mass.
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